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European  Hydro-Electric  Power 
Development 

By  Charles  H.  Mitchell, 
C.   E. ;    M.   Am.    Soc.   C.    E.,   Toronto,    Can. 

Recognizing  that  America's  wealth  in  water  power  is  an  asset 
to  be  seized  upon  and  developed  to  the  utmost  according  to  the 
expansion  of  the  country,  it  is  but  natural  that  engineers  have 
diligentlv  turned  their  attention  to  this  branch  of  engineering.  In 
following  this  opportunity,  or  rather  necessity,  American  engineers 
(and  by  American  I  include  Canadian  engineers),  while  evolving 
their  own  principles  of  design  and  construction,  naturally  seek 
much  inspiration  abroad,  especially  in  those  countries  which,  his- 
torically at  least,  have  led  in  this  branch  of  work.  Notwithstand- 
ing the  many  conditions  peculiar  to  America,  and  especially  of 
the  northern  portion,  such  as  climate  and  labor  as  well  as  of 
industry  and  commerce  generally,  the  basic  conditions  and  prin- 
ciples of  the  design,  construction  and  operation  of  hydro-electric 
power  plants,  are  much  the  same  as  in  Europe. 

Viewed  from  the  hydro-electric  standpoint  of  engineering, 
Central  Europe  undoubtedly  has  led  all  other  portions  of  the  world 
and  it  is  there  the  engineer  must  go,  even  todav,  for  many  of  his 
best  ideas,  which  ideas,  in  practice  and  precedent,  are  in  many 
cases  as  far  ahead  of  those  of  America  as  are  the  European 
fashions. 

It  is  not  the  least  surprising  that  Switzerland,  Northern  Italy, 
Eastern  France  and  the  Austrian  Tyrol  should  have  attained  this 
distinction,  because  they  have  grown  into  it  by  sheer  necessity. 
These  regions  do  not  contain  a  pound  of  coal  or  other  fuel  in 
quantity,  and  it  was  to  be  expected  that  to  the  glacier-fed  streams 
and  waterfalls  the  manufacturer  and  engineer  would  turn  for  their 
power.  The  result  of  this  has  been  the  gradual  development  of 
the  hydraulic  turbine,  the  increase  of  its  efificiency  and  the  intro- 
duction and  adoption  of  ingenious  methods  of  application  and 
control  of  water.  And  when  electrical  transmission  became  a 
settled  factor,  these  countries  were  quick  to  seize  upon  its  advan- 
tages in  conjunction  with  their  hydraulic  works,  with  the  result 
that  in  many  respects  they  are,  and  continue  to  be,  several  years 
ahead  of  their  competitors. 

While  through  such  evolution  the  excellence  of  design  and 
construction  of  the  hydraulic  portions  of  hydro-electric  equip- 
ments have  attained  an  eminence  in  European  practice  which  is 
still  far  ahead  of  most  American  practice,  the  conditions  on  the 
electrical  side  are  reversed,  in  the  writer's  opinion,  and  it  seems 
to  be  generally  admitted  that  American  design  and  construction 
are  in  the  front.  There  are,  however,  many  points  in  the  European 
systems  with  which  engineers  on  the  American  side  of  the  water 
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niig-ht  do  well  to  familiarize  themselves.  Among-  these  might  be 
noted  the  wide  power  distribution  features,  the  g-reat  attention  to 
detail,  both  technical  and  commercial,  the  very  general  use  of 
small  motors  in  what,  in  most  cases,  are  almost  household  in- 
dustries, and  the  popular  education  which  has  been  directed  by  the 
government  and  power  companies  in  cooking  to  the  more  universal 
use  of  electric  power. 

To  present  in  such  limited  space  any  adequate  description  of 
tvpical  installations  in  the  several  countries  in  Central  Europe 
would  be  well  nigh  impossible,  and  it  is  the  purpose  of  this  paper 
to  rather  indicate  some  of  the  interesting  features,  both  hydraulic, 
mechanical  and  electrical,  in  a  few  of  the  more  important  and 
recent  plants.  All  of  these  plants  have  been  visited  and  studied 
within  recent  years  by  the  writer  and  the  following  short  descrip- 
tions and  comments  are  based  upon  personal  observation  and  the 
illustrations  are  from  private  photographs. 

With  all  the  installations  indicated  there  is  indeed  a  great 
similarity  in  many  of  the  electrical  features,  more  especially  be- 
cause it  is  only  very  recently  that  long  distance,  high  tension 
transmission,  as  we  know  it  in  this  country,  has  been  attempted. 
On  the  hydraulic  side,  there  is  considerable  dissimilarity,  and  on 
this  account  the  many  installations  naturally  fall  into  several  dis- 
tinct classes.  The  simplest  division  is  with  relation  to  the  hy- 
draulic operating  conditions,  which  for  convenience  have  been 
divided  into  low,  medium  and  high  heads. 

Low  Head  Plants 

Low  head  plants,  as  now  designed  in  Europe,  are  not  com- 
parable with  those  of  20  or  even  10  years  ago,  nor  with  the 
practice  still  prevailing  in  America.  Water,  the  invaluable  asset, 
is  too  precious  to  the  European  to  allow  any  waste,  such  as  even 
now  is  common  in  plants  on  this  side  of  the  ocean.  To  deal  with 
such  large  quantities  of  water  as  are  involved  in  low  head  prop- 
ositions has  required  bold  design  and  bolder  financing  to  obtain 
every  foot-pound  of  energy  throughout  the  year.  Nowhere  have 
more  ingenious  devices  been  employed  to  meet  abnormal  fluctua- 
tions in  the  level  of  head  and  tail  water  under  low  heads  than  in 
Switzerland,  and  from  an  hydraulic  point  of  view  this  is  the  lead- 
ing feature  in  the  following. 

Bcanaii,  River  Aare. — One  of  the  most  interesting  low  head 
plants  in  Switzerland  today  is  that  situated  on  the  Aare  River, 
the  Beznau  Station.  In  it  are  constituted  all  the  most  recent  im- 
provements in  the  application  of  the  water  to  the  wheels,  and  in 
the  wheels  themselves  are  embodied  the  results  of  the  experience 
of  the  past  10  years,  with  plants  operating  low  heads  with  large 
variations.  This  plant  was  completed  and  put  into  operation  in 
1904,  and  was  quickly  loaded  up  with  consumers  in  the  surround- 
ing country. 

The  available  fall  varies  between  10  and  15  feet,  and,  owing 
to  this  variation,  the  vertical  turbine  units  consist  of  three  runners, 
7  feet  6  inches  diameter.  One  pair  of  runners  is  at  the  bottom, 
right  and  left,  and   the  third   above,   discharging  downwards   into 


the  draft  chamber  of  the  upper  runner  of  the  pair.  At  a  medium 
head  of  13  feet,  1,000  horsepower  is  obtained  on  each  unit  at  67 
revohitions  per  minute,  using-  890  sec.  feet  of  water.  The  whole 
unit  is  supported  by  hydraulic  pressure  beneath  a  disc,  so  as  to 
reduce  the  weight  on  the  step  bearing,  and  the  small  inequalities 
of  this  are  further  balanced  by  oil  pressure  from  special  pumps. 

The  power  secured  in  these  units  varies  between  7,000  and 
11,000  horsepower   for  the   whole   installation  of   nine  units. 

The  generators  are  of  the  umbrella  revolving  field  type,  800 
kilowatt  each,  three-phase,  wound  to  8,000  volts  at  50  cycles,  and 
were  built  by  Brown,  Boveri  &  Co.,  of  Baden.  Local  distribution 
is  at  the  generating  voltage,  while  long  distance  is  at  25,000  volts 
up  to  20  miles.  The  latter  voltage  wa.s  the  highest  in  transmission 
operation  in  Switzerland  at  the  end  of  1905.  The  total  length  of 
transmission  lines  of  this  plant  in  1905  was  70  miles,  the  number 
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of  localities  served  was  61,  the  population  250,000,  the  number  of 
transformers  60,  and  stations  31,  while  the  average  power  of 
motors  served  was  100  kilowatt,  in  which  respect  this  plant  stands 
third  in  the  covintry. 

Prices  of  power  are  generally  as  follows :  For  lighting,  16 
candlepower  lamps,  $4  each  per  year,  continuous  service.  For 
motors  on  10-hour  basis,  flat  rate,  1  horsepower  at  $43,  10  horse- 
power at  $39,  50  horsepower  at  $34,  and  100  horsepower  at  $32. 
For  24-hour  basis,  1  horsepower  at  $56,  10  horsepower  at  $49, 
50  horsepower  at  $44,  and  100  horsepower  at  $41. 

Tresso,  Adda  River,  Italy. — The  Trezzo  plant  is  one  of  a 
series  owned  by  the  Edison  Co.,  of  Milan,  and  has  only  been 
recently  put  in  operation.     The  Adda  River  at  this  point   (25  miles 
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northeast  of  Milan)  makes  a  horseshoe  bend  around  a  rocky  hill, 
and  the  power  project  consisted  of  draining  the  river  at  the  crown 
of  the  bend  and  placing  the  power  house  alongside  of  the  rock 
cliff,  discharging  the  .vvater  from  the  tail  races  through  tunnels 
under  the  hill  to  the  river  below.  The  low  head  thus  obtained, 
only  24  feet,  required  vertical  shaft  type  of  units  with  low  speeds 
and  a  corresponding  large  volume  of  water  with  many  units. 

Against  the  high  cliff  of  the  river,  in  the  horseshoe,  the  power 
house  was  constructed,  having  its  face  parallel  to  the  river  flow 
opposite,  yet  almost  square  against  the  current  on  the  approach 
to  the  curve;  this  arrangement  provides  ample  water  with  mini- 
mum deflection,  and  at  the  same  time  produces  a  sweeping  current 
to  carry  past  debris,  etc.  The  station  is  situated  about  300  yards 
upstream  from  the  sluice  gates  of  the  dam,  and  is  a  large  and 
very  handsome  structure,  built  entirely  of  stone. 

There  are  ten  main  water  entrances,  each  22   feet  wide,   and 
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two  exciter  inlets.  These  represent  as  many  units  and  the  water 
in  each,  after  passing  screens  and  gates,  enters  a  wheel  pit  with 
its  vertical  turbine,  thence  into  the  tail  pit  and  common  bay,  about 
300  by  60  feet,  in  the  rear  of  the  station.  From  this  point  the 
water  is  conveyed  by  means  of  two  tunnels  beneath  the  cliff  to 
the  lower  river.  For  a  distance  of  150  feet  above  the  station  and 
in  continuation  of  the  face  of  the  water  inlets,  a  series  of  ten 
overflow  weirs  is  arranged  to  take  care  of  slight  inequalities  in 
the    river   level. 

The  vertical  turbines  are  Francis  type,  each  of  1,500  horse- 
power capacity  at  105  revolutions  per  minute ;  the  first  six  and 
the  two  exciter  units  are  by  Riva  Monneret  &  Co.,  and  the  seventh 
is  by  Esclier,  Wyss  &  Co.,  of  Zurich.  Considerable  use  has  been 
made  of  reinforcing  steel  in  the  concrete  foundations  and  settings 
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of  these  machines.  The  governors  are  connected  by  two  stems 
to  the  gates.  The  generators  are  of  three-phase  revolving  field 
type,  two  at  50  cycles,  and  the  remainder  at  42  cycles,  and  are 
built  by  Gadda  &  Co.,  Milan. 

In  the  arrangement  of  switches,  transformers,  arresters,  in- 
strument boards,  control,  etc.,  this  station  is  very  complete  and 
roomy,  and  the  whole  large  wing  at  the  end  of  the  station  is  occu- 
pied by  this  apparatus.  The  distant  control  apparatus  is,  in  it- 
self, a  verv  perfect  arrangement,  permitting  complete  operation 
from  table  switchboard  to  isolated  apparatus  in  different  compart- 
ments of  switch  and  transformer  rooms. 

Four  transmission  circuits,  three  to  IMilan  and  one  to  Ber- 
gamo, are  now  in  operation  at  13,000  volts,  carried  on  structural 
steel  towers,  known  as  the  "Elastic"  type.  The  function  of  these 
towers  is  that  while  rigid  at  right  angles,  they  will  oscillate  slight- 
ly in  the  direction  of  the  line,  creeping  of  the  cables  being  pre- 
vented by  guying  at  intervals.  These  towers  are  40  feet  high 
above  the  ground,  built  with  two  legs  (channel  section)  7  feet 
apart,  and  each  leg  set  in  concrete  5  feet  deep ;  the  top  of  each 
leg  member  carries  two  circuits. 

Lyons  Installation  on  the  River  Rhone. 

The  city  of  Lyons  with  its  population  of  half  a  million,  is 
second  in  size,  but  first  in  industrial  importance,  among  the  pro- 
vincial cities  of  France.  This  distinction  is  largely  due  to  its 
geographic  situation,  since  it  is  practically  in  the  center  of  the 
country,  and  is  located  at  the  confluence  of  two  navigable  rivers, 
the  Rhone  and  the  Soane ;  hence,  secures  for  it  a  large  provincial 
trade,  and  makes  it  an  ideal  distributing  center.  The  surrounding 
cities  and  towns  contribute  their  share  toward  this  activity;  notably 
St.  Etienne,  with  its  steel  works — the  largest  in  France. 

The  Societe  des  Forces  Alotrices  du  Rhone  first  undertook  in 
1894  the  construction  of  a  hydro-electric  plant  for  the  purpose  of 
transmitting  power  to  Lyons,  a  few  miles  distant,  and  thus  became 
one  of  the  pioneer  European  hydro-electric  power  producers.  The 
site  chosen  on  the  Rhone,  above  Lyons,  is  at  a  point  where  on 
account  of  the  rapid  and  swift  streams  in  a  broad  valley  the 
main  channel  has  been  canalized  by  the  government.  The  general 
scheme  of  power  development  comprises  a  head  canal  from  the 
Rhone  to  a  power  station  site,  thence  a  tail  race  to  an  outlet  in 
the  Rhone,  below  the  rapids,  a  total  distance  of  about  11  miles, 
by  which  a  head  of  about  35  feet  is  produced. 

The  generating  station  has  frequently  been  noticed  in  the 
technical  journals  during  the  past  few  years.  It  is  not  the  intention 
in  this  article,  therefore,  to  enter  into  elaborate  details,  but  simply 
to  set  forth  the  engineering  features  of  this  notable  installation. 
The  building  itself  is  about  475  feet  long,  and  is  built  largely  of 
concrete,  trimmed  with  stone  and  tiles.  The  units  are  directly 
connected ;  of  the  vertical  shaft  type,  16  in  number,  each  of  about 
1,250  net  horsepower,  under  normal  conditions  of  the  river;  there 
are  also  three  exciter  units.  Water  is  led  to  the  turbines  from 
separate  bays  on  the  upstream  side  of  the  station,  each  having  its 


own  screens  and  sluice  gate.  The  latter  is  unique,  as  being  in 
the  nature  of  a  cvlindrical  drum,  10  feet  in  diameter,  closing  the 
top  of  a  vertical  inlet  pipe.  It  is  raised  and  lowered  by  a  chain 
hoist  worked  from  within  the  station. 

The  units  are  arranged  in  line  at  about  27  feet  centers.  The 
right  central  units,  four  on  each  side  of  the  central  bay,  which 
contains  the  exciter  units  and  switchboard,  are  operated  by 
Jonval  turbines,  made  by  Escher,  Wyss  &  Co.,  of  Zurich,  the  in- 
stallation of  which  was  completed  about  1897.  These  are  of  a 
special  type,  having  a  three-stage  runner  with  downward  discharge 
into  a  draft  tube,  and  water  fed  to  it  through  three  separate  and 
parallel  distributors  or  guides  at  about  45  degrees;  all  fitted  with 
cylinder  gates.  The  thrust  is  provided  for  by  a  large  disc  or 
piston,  about  6  feet  diameter,  attached  to  the  shaft  within,  and  at 
the  top  of  the  case.  The  closed  chamber  on  the  upper  side  of  the 
piston  is  connected  to  the  tail  race.  Regulation  is  secured  by  a 
special  governor,  consisting  of  a  rotating  disc  and  servo-motor 
actuating  valves  in  conjunction  with  a  high-pressure  oil  pump,  by 
which  the  gates  of  the  turbine  are  operated.  This  turbine  gives 
an  efficiency  of  about  76  per  cent  at  full  load,  and  the  governor 
is  said  to  regulate  within  a  speed  variation  of  4  per  cent  on  a 
change  of  half  load. 

While  Lyons  is  in  Southern  Europe,  freezing  weather  is  fre- 
quently experienced.  In  the  winter  of  1904-05  the  thermometer 
went  at  times  as  low  as  5  degrees  Fahr.  above  zero ;  on  which 
occasions  the  station  experienced  trouble  from  frazil  ice.  This 
had  the  serious  result  of  occasioning  several  days'  shut  down.  It 
is  a  question  whether  this  ice  is  formed  in  the  upper  river,  in  the 
foot-hills  of  the  Alps,  or  immediately  at  the  station ;  the  company's 
engineer  inclines  to  the  latter  opinion  and  has  tried  many  artifices 
to  obviate  the  trouble,  but  without  success.  At  the  time  of  the 
writer's  visit,  January  24th,  1906,  the  thermometer  was  down  to 
about  15  degrees  Fahr.  and  in  anticipation  of  trouble,  two  25- 
horsepower  steam  boilers  on  scows  were  supplying  live  steam  at 
about  8  pounds  pressure  to  the  covered  forebays  at  the  screens 
and  sluice  gates.  To  a  Canadian  in  Southern  France,  in  the  heart 
of  the  silk  country,  this  presented  an  interesting  spectacle. 

The  power  now  in  use  from  this  station  amounts  to  about 
14,000  horsepower  at  normal  conditions.  Of  this  about  2,000 
horsepower  is  traction,  3,000  horsepower  lighting,  and  the  re- 
mainder mixed  motor  load.  The  prices  charged  for  this  power 
may  prove  interesting,  and  should  be  considered  with  the  fact 
that  a  good  quality  of  steam  coal  at  Lyons  costs  about  $4.25 
per  ton. 

The  prices  for  motor  power  are  as  follows :  Up  to  100  horse- 
power at  11^  cents  per  kilowatt  hour;  for  over  100  horsepower 
at  $34.00  per  horsepower  per  year  on  a  12-hour  basis,  and  $45.00 
on  a  24-hour  basis.  There  is  a  sliding  discount  on  the  above 
prices  as  follows:  On  a  bill  of  $20.00  per  month,  1  per  cent; 
on  $50.00  per  month,  2i4  per  cent;  on  $100.00  per  month,  5  per 
cent;  on  $200  per  month,  7^  per  cent;  and  on  $300  per  month, 
10  per  cent.     For  lighting,  which  the  power  company  itself  oper- 
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ates  directly,  the  charges  are  as  follows :  On  meter  system,  13 
cents  per  kilowatt  hour  for  stores,  hotels,  cafes,  etc. ;  16  cents  per 
kilowatt  hour  for  houses.  If  on  a  flat  basis,  the  lighting-  rate  is 
as  follows :  For  a  16-cancllepower  lamp,  burning-  750  hours,  per 
year,  $4.20 ;  for  10-candlepower,  $3.75 ;  for  supplementary  hours, 
add  6/10  cent  for  16-candlepower  and  4/10  cent  for  10-candle- 
power for  each  hour.  In  the  flat  rate  the  bill  is  determined  by  a 
time  meter. 

JMedium  Head  Plants 

There  is  perhaps  not  a  great  deal  to  be  noticed  in  the  plants 
of  medium  heads,  say  between  40  and  100  feet  or  more,  as  they 
are  generally  of  types  similar  to  many  American  installations. 
Two  plants,  however,  have  been  chosen  for  particular  features, 
which  are  especially  interesting  to  electrical  engineers. 

Vigevano  Plant,  near  Milan,  Italy. — Milan,  which  may  be  said 
to  be  the  electrical  city  of  Central  Europe,  is  developing  such  a 
tremendous  business  in  power  that  the  actual  supply  has  been 
quite  behind  the  demand,  and  the  result  is  that  the  electrical  com- 
panies in  the  field  have  been  using  every  means  to  increase  their 
output  by  the  exploitation  of  new  hydro  developments. 

The  new  installation  at  Vigevano,  on  the  Tessin  river,  20 
miles  west  of  Milan,  is  a  recent  result  of  overburdened  generating 
stations,  and  was  placed  in  operation  in  1906.  It  illustrates  one 
of  the  latest  types  of  hydro-electric  stations  to  be  adopted  by 
Italian  engineers. 

Water  for  this  plant  is  brought  through  canals  three  miles,  to 
a  forebay  above  the  power  station,  having  an  overflow,  screens 
and  inlet  sluices  to  the  steel  penstocks,  which  are  6  feet  6  inches 
diameter,  one  for  each  unit.  The  penstocks  are  about  200  feet 
long  and  enter  through  the  station  Avail  into  the  tops  of  the  w^heel 
cases.  As  a  generating  station,  the  arrangement  of  this  plant  is 
ideal,  and  upon  entering,  the  visitor  is  impressed  with  the  con- 
venient and  roomy  arrangement.  The  turbine  and  generator 
units,  five  in  number,  are  arranged  abreast  in  a  long  hall,  the  two 
exciter  units  being  at  one  end.  At  the  same  end  is  the  switch- 
board, mounted  on,  and  under,  a  floor,  which  is  6  feet  above  the 
main  floor.  The  whole  hall  is  about  340  feet  by  40  feet.  Along- 
side the  gallery  is  an  enlarged  wing,  containing  all  switching  and 
transforming  apparatus,  the  arrangement  of  which  in  convenient 
sec|uence,  roomy  spacing  and  isolation  is  very  clever.  In  the 
introduction  of  these  features  the  European  practice  in  design 
within  the  past  two  years  is  quite  marked. 

The  turbines  are  by  Riva  Monneret  &  Co.,  Milan,  four  units 
being  installed  at  the  time  of  the  writer's  visit,  on  February  6th, 
1906,  and  one  being  still  in  the  shops.  The  type  is  horizontal 
shaft  double  Francis  inward  discharge,  into  a  draft  chest ;  the 
cases  are  exposed  and  form  the  termination  of  the  penstocks. 
Each  turbine  unit  works  under  a  head  of  61  feet,  developing  1,400 
horsepower,  using  270  cubic  feet  of  water  per  second.  The  gov- 
ernors are  of  a  special  oil  type,  recently  perfected  by  the  turbine 
makers,    sensitive    and    very   powerful    for    their    size ;    the    writer 
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looked  at  the  governors,  especially  to  discover  periodic  hunting", 
while  the  station  was  running  in  parallel  with  a  steam  plant  at 
Milan,  but  could  see  no  injurious  irregularities.  The  generators, 
by  Ga'dda  &  Co.,  Milan,  are  directly  connected,  three-phase,  wound 
to  2,750  volts  at  42  cycles. 

St.  Maurice  Station,  Sivitccrland. — The  St.  Maurice-Lausanne 
installatiou,  generating  power  from  the  Rhone,  east  of  Lake 
( icncva,  and  transmitting  by  direct  current  to  Lausanne,  35  miles 
distant,  has  become  world-famous  as  being  the  pioneer  D.  C. 
transmission  system  in  commercial  operation  under  the  Thury 
patents. 

Not  only  are  the  electrical  features  novel,  but  the  hydraulic 
arrangements  are  also  most  unique,  especially  in  the  head  works 
and  in  the  hydraulic  governors. 

The  Rhone  is  subject  to  great  fluctuations  in  this  region,  being 
essentiallv  a  torrential  river,  and  in  the  late  summer  and  winter 
periods  the  flow  runs  to  such  a  minimum  that  it  is  necessary  to 
use  special  means  to  divert  the  water  into  the  head  works.  For 
this  purpose  a  permanent  dam  not  being  permitted  or  advisable,  a 
device  was  resorted  to  whereby  a  movable  dam  structure  is  let 
down  into  the  river  from  an  overhead  bridge.  The  bridge  is  a 
steel  Howe  truss  on  stone  piers ;  from  the  floor  is  suspended  a 
series  of  hinged  frames  which  can  be  lowered  so  that  their  lower 
ends  rest  in  seats  in  the  river  bed.  These  frames  are  then  filled 
in  with  wooden  stop  logs  to  the  desired  height  to  divert  the  water 
to  the  inlet  of  the  head  canal  alongside. 

From  the  intake,  water  is  conveyed  by  open  cut  and  closed 
conduits,  nearly  two  miles,  to  a  forebay  above  the  power  station, 
whence  three  penstocks  of  8  feet  diameter,  and  about  1,500  feet 
long,  lead  to  the  turbines. 

There  are  at  present  five  power  units  in  this  station,  each 
nominally  1,000  horsepower.  The  turbines,  working  under  110 
feet  head,  are  of  the  Francis  type  horizontal  shaft,  with  snail  shell 
case,  running  at  300  revolutions  per  minute.  Water  is  introduced 
from  beneath  the  floor  from  the  penstocks.  Each  turbine  operates 
two  direct  current  generators,  and  all  five  turbine  units  are  gov- 
erned in  parallel  from  one  governor,  specially  designed  for  this 
purpose. 

The  ten  generators  are  of  a  special  Thury  type,  giving  150 
amperes  at  2,300  volts.  Connected  in  series  the  ultimate  line  volt- 
age becomes  23,000  volts,  and  is  transmitted  over  two  wires  to 
the  step-down  or  distributing  station  in  Lausanne,  where  by  series 
motors  the  current  is  taken  off  to  the  secondary  outlets.  The 
electrical  portion  of  this  plant  has  been  so  often  described  in  the 
technical  press,  especially  during  the  past  three  years,  it  is  not  the 
intention  here  to  do  so  further.  There  are  features  of  D.  C. 
transmission  and  operation,  however,  which  might  be  mentioned 
as  of  interest. 

It  is  claimed  for  the  Thury  system  that  while  the  generating 
•  apparatus  is  much  more  costly  than  for  alternating  current — as 
much  as  75  per  cent  in  excess — the  switching  gear  and  trans- 
formers, and  buildings  therefor,  necessary  for  the  alternating  sys- 
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tern  are  absent  in  the  direct  current  system ;  the  total  result  being 
a  cost  very  close  to,  or  perhaps  less  than  the  alternating. 

In  the  transmission  line,  however,  a  great  saving  of  first  cost 
and  operation  exists,  owing  to  cheaper  insulators,  less  copper, 
smaller  spacing  of  circuits  on  poles,  cheaper  and  simpler  lightning 
protection.  The  actual  experience  with  lightning  in  operating 
D.  C.  and  A.  C.  transmission  systems  in  France  and  Switzerland 
has,  during  the  past  two  years,  been  much  in  favor  of  the  D.  C. 
The  St.  iMaurice-Lausanne  line,  which  has  been  in  operation  for 
five  or  six  years,  has  seldom  had  a  shut-down  due  to  lightning,  and 
as  this  line  and  the  new  Moutier  line,  also  singularly  free,  are  in 
the  Alps,  where  lightning  disturbance  is  at  its  worst,  it  is  claimed 
that  their  immunity  from  trouble  has  been  entirely  due  to  the 
system. 

High  Head  Plants 

High  head  power  installations  are  rapidly  becoming  the  most 
numerous  and  important  types  in  the  Alps,  for  the  generation  of 
power.  Certain  localities  in  Switzerland  have  been  specially  devel- 
oped in  this  respect,  but  there  are  also  many  such  plants  in  the 
Alps,  in  France,  Italy  and  Austria,  as  well  as  in  other  portions  of 
the  continent,  especially  where  expensive  fuel  and  a  transmission 
market  has  offered  remunerative  investment. 

Without  enumerating  the  many  plants,  especially  in  the  Cen- 
tral Alps,  varying  in  head  up  to,  in  one  instance,  3,140  feet,  near 
Territet — the  highest  in  the  world — the  writer  has  selected  a 
typical  new  Swiss  installation,  a  new  French  plant  in  Savoy,  and 
an  Italian  one  south  of  Naples.  Each  of  these  has  special  features 
of  interest. 

Tlie  Olcvano  Plant,  near  Naples,  Italy. — The  Olevano  installa- 
tion is  on  the  Tusciano  river,  about  50  miles  south  of  Naples,  has 
a  capacity  of  6,000  horsepower  and  current  is  transmitted  to  vari- 
ous towns  en  route  to  Naples,  passing  Vesuvius  at  its  base.  Its 
transmission  lines  suft'ered  severely  in  the  recent  eruption.  The 
uses  are  mainly  for  lighting  and  mixed  power  in  small  units,  such 
as  for  fabric  and  textile  weaving,  machine  and  woodworking 
shops,  but  more  than  all  for  the  macaroni  factory,  which  is  the 
flour  mill  of  Italy. 

The  head  water  is  brought  about  three  miles  by  canal  and 
tunnel  to  a  forebay  on  the  mountain  side,  thence  down  to  the 
station  in  a  steel  penstock,  40  inches  diameter.  There  is  now 
being  used  only  about  70  sec.  feet  of  water,  under  a  static  head 
of  960  feet.  The  penstock  is  about  2,000  feet  long  and  is  carried 
down  the  mountain  on  65  concrete  saddles.  The  lower  end  is 
horizontal  and  distributes  to  five  power  and  two  exciter  units. 
The  upper  portion  of  the  penstock  is  of  ^l^-inch  steel  and  the 
lower  ^-inch. 

In  the  generating  station  the  five  units  at  present  installed  are 
each  of  1,200  horsepower  output  capacity.  The  waterwheels  are 
of  a  special  horizontal  shaft,  impulse  type,  manufactured  by  Pic- 
card,  Pictet  &  Co.,  Geneva,  Switzerland.  They  are  rated  nominally 
at  1,400  horsepower,  run  at  500  revolutions  per  minute,  and  each 
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uses  about  14  cubic  feet  per  second  of  water.  The  runner,  4  feet 
8  inches  diameter,  consists  of  two  heavy  cast  iron  rims,  having  the 
steel  vanes  set  between ;  this  is  mounted  in  a  spider  attached  to  the 
shaft.  The  water  is  introduced  through  a  pair  of  nozzles  at  90 
degrees  with  each  other,  which  are  formed  in  one  casting  bolted 
to  the  end  of  the  supply  pipe ;  the  nozzles  lie  up  to  the  inner 
periphery  of  the  runner  and  the  latter  discharges  outwards  sim- 
ilarly to  the  Girard  turbine.  The  discharged  water  is  caught  in  a 
tail  pit  below  and  the  whole  (pit  and  runner)  is  covered  with  a 
casing.  The  nozzles  are  opened  and  closed  by  a  bronze  tongue 
or  throttle  deflecting  within  the  opening  on  a  shaft  which  is  linked 
up  to  the  governor. 

In  the  earliest  nozzles  on  this  type  of  wheel,  the  manufacturers 
had  formed  the  whole  nozzle  head  and  tongue  of  bronze,  an  ex- 
pensive feature  in  large  units,  especially  when  renewals  are  fre- 
quently required.  Later  types,  however,  such  as  the  present,  are 
built  merely  with  bronze  lips  and  tongue,  as  it  is  found  that  these 
— especially  the  lips — are  cheaply  and  quickly  renewed.  The 
writer  saw  and  obtained  a  photograph  of  the  eroded  nozzle  from 
one  of  the  wheels  in  this  installation,  which  had  been  in  use  12 
months;  it  presented  a  good  object  lesson  of  the  power  of  sanded 
water  under  high  head,  which  forms  one  of  the  difficulties  in  the 
operation  of  this  plant.  It  is  to  be  noted  that  there  is  compar- 
ativelv  no  erosion  of  the  vanes  of  the  runner  under  these  con- 
ditions. 

It  is  stated  that  in  tests  on  these  hydraulic  units  by  the  com- 
pany, the  following  efficiencies  were  obtained :  At  full  gate,  76 
per  cent ;  at  three-quarter  gate,  7Z  per  cent ;  at  half  gate,  68  per 
cent ;  at  quarter  gate,  62  per  cent.  The  generators  and  electrical 
apparatus  made  by  Westinghouse  present  no  especially  new  fea- 
tures beyond  the  general  modern  practice  of  switching  and  isola- 
tion as  designed  by  that  house.  The  generators  are  three-phase, 
wound  to  3,000  volts,  and  static  oil-cooled  transformers  step  up  to 
30,000  volts  to  the  line.  The  line  consists  of  two  trunk  circuits 
which  are  carried  on  one  line  of  structural  steel  poles,  about  180 
feet  apart.     The  wires  are  7  mm.  copper,  and  are  24  inches  apart. 

Prices  for  power  in  the  cities  named  vary  according  to  amovmt 
and  distance  from  generating  station.  At  Salerno,  16  miles  dis- 
tant, 200  horsepower  is  sold  for  $25  per  horsepower  year,  on  a 
24-hour  basis  ;  larger  blocks  of  power  are  sold  nearer  Naples  at 
$30  per  horsepower  at  24  hours.  There  are  two  consumers  near 
Naples  using  800  and  1,000  horsepower  each.  Coal  at  Naples  is 
about  $8  per  ton. 

Gavct  Station,  French  Savoy. — This  installation  is  situated  on 
the  Romanche  river,  and  is  in  the  heart  of  the  French  Alps.  The 
distinctive  features  of  this  river  are  remarkable,  for  its  flow  is. 
very  small,  being  in  dry  weather  only  about  300  sec.  feet ;  while 
the  flood  discharge  is  30  times  as  much.  Its  descent  is  very  rapid, 
hence  high  heads  prevail,  and  in  the  seven  plants  installed  on  12 
miles  of  its  course  40,000  horsepower  is  developed.  This  river 
offers  a  notable  example  of  the  utmost  development  of  mountain 
streams  for  power  generation. 
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The  power  is  used  for  numerous  electro-chemical  industries, 
including  calcium  carbide  works,  and  especially  the  "electric  steel" 
works  of  Keller,  Leleux  &  Co.,  at  Livet.  At  Livet  is  also  located 
the  municipal  plant  for  Grenoble.  A  transmission  line  from  the 
latter,  24  miles  long,  to  Grenoble,  has  a  considerable  portion  car- 
ried on  wooden  poles  incased  in  from  1  to  2  inches  of  concrete. 
Unique  as  this  is,  it  appeared  to  have  given  fair  satisfaction  in 
the  three  years"  operation  before  the  writer  saw  it. 

The  Gavet  station,  completed  in  1906,  is  16  miles  from 
Grenoble  and  has  an  output  of  5,000  horsepower  at  the  lowest 
stage  of  the  river.  The  head  works  are  very  ingenious,  having 
besides  the  dam,  several  weirs  and  settling  basins  for  the  purpose 
of  freeing  the  water  of  gravel,  sand  and  silt,  which  is  carried  in 
great  quantities  in  mountain  streams.  The  flume  or  tunnel  to  the 
power  station  is  7,000  feet  long  and  about  10  feet  square. 

The  tunnel  terminates  in  a  small  covered  forebay  high  up  the 
face  of  the  cliff  above  the  station,  having  outlets  for  two  penstocks 
and  one  spillway.  The  penstocks  follow  down  the  cliff,  and  are 
7  feet  diameter,  about  500  feet  long,  and  each  branches  to  the 
three  main  and  two  exciter  units  at  the  rear  wall  of  the  station. 

The  station  is  of  rubble  stone,  having  a  generating  room, 
commodious  switchboard  gallery,  wire  ducts,  transformer  and 
arrester  rooms. 

The  turbines  develop  2,000  horsepower  each,  working  under 
a  head  of  190  feet ;  they  are  of  the  horizontal  shaft,  single  spiral 
Francis  type,  built  by  Piccard,  Pictet  &  Co.,  of  Geneva.  The  dis- 
tributor gates  are  swivel  style,  with  an  actuating  gates  ring  car- 
ried on  arms  fitted  with  springs,  to  positively  take  up  lost  motion. 
The  governors  are  by  the  same  makers,  arranged  with  a  new 
device  on  the  fly  balls,  to  stop  petty  vibrations.  The  main  shafts 
have  flywheels  and  Zodel  flexible  leather  link  couplings. 

The  generators  are  by  Schneider  &  Co.,  Champagne,  revolving 
field  type,  three-phase,  4,000  volts,  231  amperes  per  phase.  The 
transformers  step  up  to  26,000-line  voltage,  the  same  as  the 
Avignonet  station,  with  which  this  station  will  at  times  be  run 
in  parallel,  24  miles  distant.  The  line  is  at  present  carried  on 
wooden  poles. 

Good  quality  steam  coal  in  Grencble  costs  about  $5  per  ton. 
The  prices  of  the  Societe  Grenobloise  are,  in  general,  as  follows : 
For  24  hours'  service  the  average  prices  (variable  on  account  of 
distance)  are.  say  for  100  horsepower,  $30  per  horsepower  year, 
and  for  500  horsepower  about  $26  per  liorsepower  year.  In  500- 
horsepower  quantities,  prices  run  down  as  low  as  SI 8  for  trans- 
mitted power,  and  even  to  $12  at  the  station.  This  company  has 
now  15-year  contracts  for  about  15,000  horsepower,  with  some 
customers  100  miles  distant. 

J^allorbe  Development,  Szvitzerland. — \'allorbe  is  a  small  city 
in  Canton  Vaud,  on  the  Orbe  river,  north  of  Geneva,  and  two 
miles  from  the  French  frontier.  The  river  empties  from  Lake  de 
Joux,  which  is  800  feet  above  the  valley,  through  an  underground 
passage,  and  commences  its  course  as  an  open  river  from  a 
gigantic  bubbling  spring. 
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The  Vallorbe  plant  has  been  in  operation  since  1904  with  five 
units;  space  and  connections  are  arranged,  however,  for  three 
more,  while  ultimate  extensions  will  provide  for  a  total  of  about 
12  units,  if  sufficient  water  can  be  secured.  The  present  output 
of  this  plant  is  5,000  horsepower. 

Hydraulically  this  development  is  most  remarkable,  owing  to 
the  nature  of  the  water  supply.  Lakes  de  Joux  and  Brenet  have 
six  and  seven  surface  outlets,  respectively,  but  the  main  discharge 
is  the  subterranean  river,  which  forms  the  Orbe.  In  order  to  get 
sufficient  water,  then,  all  the  small  surface  outlets  were  dammed, 
and  the  lakes  were  formed  into  a  huge  reservoir,  in  which  the 
concessions  permitted  the  fluctuation  of  the  level  within  limits  of 
12  feet,  artificially  controlled.  At  certain  periods  of  the  year 
these  lakes  have  regularly  risen  a  number  of  feet,  according  to  a 
law  determined  by  observations  extending  over  many  years.  This 
increase  is  now  partially  secured  by  the  new  works,  and  is  held 
up  for  power  purposes.  The  subterranean  flow,  however,  still 
proceeds.  Hence  the  development  presents  the  unique  feature  of 
being  dependent  entirely  on  storage  water  or  such  as  can  be  stolen 
from  the  natural  outlet. 

The  water  taken  at  the  intake  in  the  lake,  after  passing  racks 
and  gates,  is  carried  by  means  of  a  rectangular  concrete-lined 
tunnel  to  a  point  on  the  lower  hillside,  where  a  forebay  and  head 
house  are  located.  The  tunnel  conduit  is  6  feet  6  inches  wide, 
7  feet  high  and  about  8,700  feet  long. 

The  forebay  works  can  be  seen  high  up  the  mountain  side. 
Water  issuing  from  the  tunnel  first  passes  a  coarse  rack,  enters 
a  chamber  having  an  overflow  weir  with  adjustable  crest,  thence 
passing  head  gates  enters  the  penstocks.  Overflow  water  spills 
into  a  large  chamber,  from  which  steel  pipes  carry  it  down  the 
slope.  The  penstock  varies  in  diameter  from  48  inches  at  the 
top  to  40  inches  at  the  station,  the  respective  thicknesses  of  plates 
being  5/16  inch  and  13/16  inch,  while  the  distributor  portion 
within  the  building  is  1  inch.  The  total  length  of  penstock  is 
about  2,000  feet ;  it  is  carried  on  concrete  piers  with  heavy  anchor- 
ages, and  there  are  four  expansion  joints. 

The  two  spill  pipes  are  about  2,400  feet  long,  about  3  feet 
diameter,  7/16-inch  plate,  and  with  rivets  countersunk  on  inside. 
These  have  several  expansion  joints  and  automatic  air  entry  valves. 
They  discharge  water  into  the  river  below  the  power  house. 

In  a  plain  concrete  building  are  now  installed  five  1,000 
horsepower  units  and  two  exciters,  operating  under  a  head  of 
770  feet.  These  units  are  contained  in  a  room,  160  feet  long  and 
40  feet  wide,  while  in  a  central  wing  are  located  the  busses, 
switches,  switchboards  and  arresters. 

The  waterwheels  are  by  Escher,  Wyss  &  Co.,  having  single 
nozzles  with  one  runner.  A  feature  of  this  wheel  is  its  automatic 
hydraulic  regulator.  In  plants  of  this  pressure,  European  builders 
are  using  filtered  water  from  the  penstock  instead  of  oil  as  a 
medium.  This  involves  a  mechanical  filter  on  the  governor  to 
insure  clean  water.  Escher,  Wyss  &  Co.  have  what  they  call  a 
"revolving  filter",  F,  which  can  be  worked  by  hand.      The  cycle 
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of  operation  from  the  fly  balls  to  the  relay  valve,  with  its  fine 
adjustment  to  prevent  "racing",  through  the  level  system  to  the 
regulating  valve,  S,  thence  to  the  main  cylinder  and  piston,  P,  and 
to  the  throttling  lip,  L,  can  be  readily  followed.  The  generators 
are  built  by  the  Oerlikon  shops  and  are  three-phase,  50  cycles, 
13,500  volts  at  375  revolutions  per  minute ;  they  are  connected  to 
the  wheels  with  Zodel  couplings.  The  switching  is  specially  in- 
teresting, owing  to  the  wide  system  of  distribution,  but  is  simpli- 


Vallorbe:     Section-  Through  Hydraulic  Governor 


fied  by  having  no  transformers.  Instrument  pedestals  of  Amer- 
ican tvpe  are  installed,  and  the  chief  operator  from  his  gallery 
can  easilv  control  all  operations  of  the  station.  A  unique  arrange- 
ment of  hvdraulic  jet  lightning  arrester  is  installed  on  a  floor  above 
the  gallerv.  This  combines 'a  horn  type  arrester  with  a  water 
resistance  together  with  a  choke  coil  and  metallic  ground  wire. 

For  the   distribution  of   this   power   and   that   from  the  lower 
station  there  is  planned  a  network  of  over  250  miles  of  line,  the 
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farthest  point  served  being  about  50  miles  distant.  A  character- 
istic is  the  widely  scattered  network  of  power  service.  The  total 
population  in  the  localities  is  about  100,000,  the  number  of  local- 
ities or  communes  designed  to  be  served  is  212,  with  235  trans- 
former stations.  This  is  a  striking  example  of  the  extensive 
detail  of  distribution  which  European  companies  are  now  carrying 
out,  and  both  the  people  and  the  power  companies  of  Ontario  can 
at  the  present  time  benefit  materially  by  following  Swiss  lead  in 
this  respect. 

The  power  in  these  places  is  used  for  lighting,  street  railways, 
cement  and  brickyards,  all  manner  of  agricultural  needs,  such  as 
churning,  etc.,  watch-making,  weaving  and  miscellaneous  shops 
and   industries. 

Small  transforming  stations,  of  standard  design,  about  10  feet 
by  12  feet  inside  and  27  feet  high,  with  three  floors,  are  erected 
in  many  localities.  These  are  built  of  brick  or  concrete  and  are 
cheap  and  neat  in  appearance.  Some  in  city  streets  and  parks  are 
most  artistic. 

Prices  are  as  follows :  For  light,  16-candlepower  lamps,  from 
400  to  800  hours  per  year,  $3.60;  over  800  hours,  $4.40.  For 
heating,  8  cents  per  kilowatt  hour.  For  motors,  flat  rate,  on  11- 
hour  basis,  less  than  one  horsepower,  $60  per  year ;  one  to  two 
horsepower,  $40 ;  nine  to  1 1  horsepower,  ^37 ;  25  horsepower,  ^33 ; 
50  horsepower,  $30;  100  horsepower,  $29.  On  24-hour  basis  add 
25  per  cent  to  above  figures.  For  motors  on  meter  rates,  from 
2.5  cents  per  kilowatt  hour  at  one  horsepower,  down  to  1.4  cents 
at  100  horsepower. 
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The  Manufacture  of  Iron  and  Steel 

By  S.  M.  Rodgess 

To  describe  in  detail  the  modem  methods  of  manufacturiiig 
steel  would  involve  tfie  nse  of  nmnerous  {^lotc^^raplis  and  a  very 
large  space.  It  will,  therefore,  be  the  purpose  of  this  article  to 
first  mention  some  of  the  inqwrtant  historic  facts  relative  to  the 
iron  and  steel  industry,  and  briefly  describe  the  most  in^ortant 
processes  of  making  steel,  namely — ^acid  Bessemer  and  acid  and 
basic  open-hearth. 

Iron  is  found  in  different  combinations  all  over  the  ?ntirf ace  of 
the  earth,  but  very  seldom,  if  ever,  in  its  p'z-r  s:i:r  '  -e  in 
various  ways  has  collected  the  ores  in  mass^^   r  —  :  :rs 

metallic   content   for  cGsmnerdal   purposes,   but 
more  or  less  foreign  matter,  which  must  be  take:    ._.  :   z 

addition  of  suitable  fluxes  in  the  process  of  smeltmg^. 

The  most  important  commercial  iron  ores  are:     lli. 
hematites  and  spathic  or  carbonates. 

Magnetites  are  generally  the  richest  ores 
tain  72.4  per  cent  metallic  iron,  and  are  fou:: 
in  the  Lake  Superior  district  and  in  Swede::       "  .: 
Bessemer  in  quality,  which  means  that  the  ch:.-';:   : 
0.040  per  cent  and  under  in  order  to  produce  2.      _  - 

0.100  in  phosphorus. 

Haematite  ores  generally  consist  of  anhydrous  f  e :  ~ 
various  shades  of  colors,  depoading  somewhat  upon  : 
and  presence  of  foreign  substances.     In  some  local:: 
Bessemer  quality. 

Spathic  or  carbonate  ores,  in  their  purest  form,  contain  about 
48  per  cent  metallic  iron,  although  quite  variable  in  af^tearance 
and  character,  owing  to  the  impurities,  which  are  usually  of  a 
calcareous  nature.  These  ores  are  of  conqjaratively  little  im- 
portance in  America,  while  in  Great  Britain  they  have  considerable 
value. 

Historv  does  not  tell  us  when,  where  or  how  iron  was  dis- 
covered. There  are  many  ancient  references  to  the  use  of  iron 
which  show  that  it  was  made  more  than  4,000  years  ago.  In  the 
British  Museum  there  are  specimais  of  iron  obtained  by  the 
Egyptian  and  Assyrian  explorers,  and  one  article  of  iron  which 
was  found  in  the  Great  Pyramid  of  Gizeh  and  which  is  believed 
to  be  the  oldest  piece  of  iron  known,  and  to  date  from  3733  B.  C. 
This  specimen  is  a  flat,  irregular,  wedge-diaped  piece,  about  3 
inches  wide  and  9  inches  long  and  of  uncertain  use.  It  is  believed 
to  be  even  older  Iflian  the  earHest  bron^e-  WTiile  it  aK>ears  that 
the  eariiest  informaticHi  concerning  iron  comes  from  the  Egyptians, 
the  Assyrians  seem  to  have  been  first  to  use  that  metal  for  the 
manufacture  of  tools  and  weapons.     In  the  British  Museum  can 
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be  seen  a  beautiful  collection  of  instruments,  obtained  from  the 
ruins  of  Nimroud,  which  clearly  indicate  considerable  skill  in  the 
manufacture  of  iron  implements,  also  specimens  of  an  ornamental 
character,  which  were  manufactured  by  casting-  bronze  around  a 
core  of  iron,  thus  showing-  that  the  ancients  knew  that  iron  was 
less  fusible  and  less  resistant  to  corrosion  than  bronze. 

It  is  well  known  that  many  centuries  before  the  Christian 
era,  India  was  well  versed  in  the  art  of  making  iron,  as  is  indi- 
cated by  the  famous  iron  pillar  at  Delhi,  standing  22  feet  above 
the  ground,  having  an  estimated  weight  of  more  than  12,000 
pounds.  It  is  said  to  be  remarkably  pure  and  very  malleable. 
About  this  time  the  Greeks  showed  some  knowledge  of  the  iron 
industry,  although  their  war  implements  were  made  of  bronze, 
thus  indicating  that  iron  was  rare,  as  is  also  evidenced  by  the  fact 
that  iron  articles  were  given  as  a  prize  to  the  winner  of  their 
annual  games. 

From  the  historic  pages  of  Pliny  we  learn  that  the  use  of 
iron  became  general  all  over  civilized  Europe  after  the  formation 
of  the  Roman  Empire.  The  Romans  also  had  considerable  knowl- 
edge of  how  to  mine  and  smelt  ores  and  to  harden  and  temper 
steel  implements.  They  had  some  knowledge  of  the  famous  ore 
mountain  at  Erzgebirge,  which  after  bein^  operated  for  more 
than  2,000  years,  is  so  enormous  in  size  that  the  effect  in  reducing 
the  supply  is  scarcely  noticeable.  It  is  probably  the  most  ancient 
ore  mine  in  the  civilized  world,  in  which  the  industry  still 
flourishes. 

Cast  Iron 

The  introduction  of  cast  iron  marked  a  new  and  important 
era  in  the  manufacture  of  iron  and  steel.  Before  the  develop- 
ment of  the  German  "Stiickofen",  wrought  iron  had  been  pro- 
duced from  the  ore  in  a  single  operation  in  a  semi-solid  or  pasty 
form,  which  necessarily  limited  its  commercial  use  to  compar- 
atively small   articles   of  manufacture. 

Through  the  great  energy  of  the  German  metallurgists,  blast 
furnaces  of  a  gradually  increasing  size  were  introduced  until  it 
was  possible  to  keep  the  iron  and  lEuel  in  contact  until  the  metal 
became  sufficiently  carburized  to  remain  in  a  fluid  condition  at 
the  temperature  of  the  hearth,  thus  making  it  possible  to  cast  this 
new  metal   into  any  desired  shape   and   size. 

Thus  modern  iron-making  may  be  said  to  date  from  the  de- 
velopment of  the  blast  furnace,  which  was  first  used  in  Belgium, 
about  1340.  The  fuel  used  in  the  blast  furnace  for  smelting 
iron  ore  was  charcoal.  As  the  industry  grew,  the  supply  of  wood 
for  making  charcoal  became  a  very  important  factor,  and  in 
localities  like  England  the  enormous  drain  on  the  forests  caused 
the  enactment  of  legislative  restrictions,  which  resulted  in  a  seri- 
ous decline  in  iron-making.  More  than  a  century  later,  the  de- 
velopment of  the  coke-making  coals  came  in  time  to  save  this 
rapidly  declining  industry  from  extinction. 

Iron  was  first  smelted  in  America  in  Massachusetts,  in  1644, 
and  in   1784,  there  were  76  iron   works   in   that   state.      In    1658, 
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iron  works  were  established  in  New  Haven,  Connecticut,  and  a 
few  years  later  in  Rhode  Island.  The  other  New  England  states 
made  no  iron  until  the  18th  century.  Pennsylvania,  at  present 
the  leading  iron  center  in  the  world,  was  three-quarters  of  a  cen- 
tury behind  IMassachusetts  in  getting  started. 

When  George  Washington  became  president  of  the  United 
States,  iron  was  being  manufactured  in  nearly  every  state  in  the 
Union,  which  shows  that  iron  and  steel  centers  were  more  numer- 
ous then  than  at  the  present  time.     England  remained  our  ^Mother 


Fig.  1 — Swedish  Blast  Furnace,  Sevkxteenth  Cexttky 


Countrv  longer  in  an  industrial  sense  than  in  a  political  sense, 
although  it  required  a  little  more  than  a  century  after  the  Declara- 
tion of  Independence  to  develop  an  iron  industry  comparable  to 
that  of  Great  Britain. 

About  the  middle  of  the  seventeenth  century,  British  capital 
backed  the  first  iron  smelting  enterprise  in  Massachusetts,  whicii 
seems  to  be  the  earliest  indication  of  the  shortage  of  fuel  supply  m 
Great  Britain. 

To  England  belongs  the  credit  of  inventing  ^revolutionary 
methods  affecting  the  iron  and  steel  industry.     In  1740,  the  man- 
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ufacture  of  coke  for  blast  furnace  use  was  successfully  accomp- 
lished by  Abraham  Darby,  after  many  years  of  diligent  labor. 
The  importance  of  this  invention  was  not  fully  appreciated  by 
Great  Britain  nor  any  of  the  other  iron  producing  countries  until 
about  the  beginning  of  the  nineteenth   century. 

The  Puddling  Process 

The  invention  of  the  puddling  process  in  1784,  by  Henry  Cort, 
gave  a  great  impetus  to  the  iron  industry  of  Great  Britain.     The 


Fig.  2 — Blast  Flkxace,   Shov/ixg  Autumatic  Charging  Device 


process  consists  of  charging  pig  iron  into  a  basin-like  furnace 
with  a  fire  behind  a  low  cross  wall,  over  which  the  flames  and  hot 
gases  pass  to  the  pig  iron  in  the  hearth.  After  the  charge  is 
melted  and  begins  to  boil,  and  the  carbon  and  other  metalloids  are 
eliminated,  the  fusibility  of  the  iron  decreases,  and  the  operator 
is  able  to  transfer  the  mass  in  the  form  of  a  spongy  ball  from 
the  furnace  to  a  hammer  or  mechanical   squeezer  to  remove   the 
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slag  and  shape  the  mass  for  further  heat  treatment  and  rolHng  or 
hammering.  Prior  to  Cort's  invention,  cast  iron  had  been  de- 
carburized  with  the  use  of  charcoal  in  small  quantities  of  about 
100  pounds,  involving  great  expense,  fuel  and  labor.  With  the 
development  of  the  puddling  process  near  the  close  of  the 
eighteenth  century,  the  United  Kingdom  was  fast  assuming  a 
leading  position  among  the   iron-making   countries   of   the   world. 

The  Modern  Blast  Furnace 

The  general   design  of  the  modern   blast   furnace   is   too   well 
understood  to  require  a  detailed  description,   the   object  being  to 


Fig.  3 — Tapping  a   Blast  Furxace 


briefly  explain  the  principal  operations  involved  in  the  manufac- 
ture of  pig  iron. 

Four  kinds  of  materials  are  put  into  the  blast  furnace — fuel, 
iron  ore  and  fluxes,  charged  at  the  top  of  the  furnace,  and  air 
blown  in  at  the  tuyeres. 

Four  kinds  of  materials  are  discharged  from  the  furnace — 
pig  iron  and  slag,  tapped  from  the  hearth,  and  gases  and  ore 
dust,  drawn  from  the  top  of  the  furnace. 

The  solid  materials  are  charged  in  alternate  layers  in  regular 
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order  and  in  regular  amounts.  The  fuel  used  is  generally  coke. 
The  quantity  required  is  approximately  one  ton  of  coke  to  every 
ton  of  pig  iron  produced. 

As  the  iron  is  formed,  it  drops  through  the  slag  to  the  lowest 
point  in  the  hearth,  from  which  it  is  tapped  about  every  four 
hours,  and  is  either  cast  into  pigs,  or  transferred  to  the  metal 
storage  or  charged  direct  into  the  converter  and  open-hearth. 
The  grade  of  pig  iron  produced  depends  upon  the  character  of 
the  charge  and  manner  of  operating  the  furnace.  The  percent- 
age of  sHicon  and  sulphur  contained  in  the  iron  is  mainly  under 
the  control  of  the  furnace  man,  while  the  percentage  of  carbon 
is  automatic  and  quite  constant.  Practically  all  of  the  phosphorus 
in  the  charge  goes  into  the  metal. 

Other  materials,  such  as  ferro-manganese,  spiegeleisen,  ferro- 
silicon  and  silico-spiegel,  are  products  of  the  blast  furnace. 

The  volume  of  air  that  is  blown  into  a  modern  blast  furnace 
of  450  to  500-ton  capacity  is  40,000  to  50,000  cubic  feet  per  min- 
ute, at  a  pressure  of  about  15  pounds  per  square  inch.  The  blast 
is  forced  through  hot  stoves  and  enters  the  furnace  through  the 
tuyeres  at  a  temperature  of  800  to  1,000  degrees  Fahr. 

The  total  weight  of  materials  required  for  smelting  pig  iron 
is  from  seven  to  nine  times  the  weight  of  the  iron  produced. 
More  than  half  of  this  weight  is  atmospheric  air,  which  is  re- 
quired for  the  combustion  of  the  fuel,  and  approximately  only 
one-fifth  of  this  is  oxygen. 

The  volume  of  gas  drawn  from  the  top  of  the  furnace  per 
ton  of  pig  iron  produced  is  about  160,000  cubic  feet  at  a  temper- 
ature of  400  to  450  degrees  Fahr.,  having  a  thermal  value  of 
85  to  95  b.  t.  u.  per  cubic  foot.  About  30  per  cent  of  this  gas 
is  used  for  heating  the  blast;  from  12  to  15  per  cent  is  used  to 
operate  gas-driven  blowing  engines ;  5  per  cent  is  lost  in  washing, 
and  the  rest  may  be  used  to  generate  electrical  power.  The  slag 
is  mainly  silica,  alumina  and  lime,  and  is  often  used  for  making 
cement. 

Acid  Bessemer  Process 

The  mechanical  details  of  this  famous  process,  invented  by 
Sir  Henry  Bessemer  in  1855,  need  no  explanation.  The  basic 
principle  of  this  process  was  the  use  of  air  as  an  oxidizing  agent, 
which,  when  passed  through  molten  pig  iron,  made  it  possible  to 
develop  the  highest  known  temperature  in  the  art  of  making  steel. 
About  one  year  after  this  process  had  been  patented,  the  inventor 
made  his  first  public  announcement  to  ihe  British  Association  in 
an  address  called  "The  3>lanufacture  of  Malleable  Iron  and  Steel 
Without  Fuel".  It  created  intense  excitement  among  the  iron 
manufacturers,  many  of  them  undertakuig  further  experiments, 
some  of  which  were  successful  and  some  failures.  Bessemer, 
recognizing  that  his  process  was  by  no  means  a  complete  success, 
continued  his  experiments  until  his  invention  became  so  complete 
that  practically  no  improvement  has  been  made  except  in  some 
minor  details  of  manipulation.  From  the  beginning  of  this 
great    invention,    Robert    IMushet    recognized    the    importance    of 
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adding-  manganese  to  the  blown  metal  and  took  out  patents  cov- 
ering the  addition  of  manganese  in  all  possible  ways.  Bessemer 
never  recognized  the  validity  of  his  patents,  although  some  sort 
of  an  agreement  was  entered  into,  which  prevented  future  litiga- 
tion. 

The  Bessemer  process  is  essentially  as  follows : 
Molten  pig  iron  is  introduced  into  a  converter    (or  vessel,  as 
it    is    sometimes    called),    which    is    lined    with    siliceous    material, 


Fig. 


-Converter   Sectiox 


from  which  the  term  "acid"  is  derived.  A  current  of  air  is  forced 
through  the  metal,  which  causes  the  silicon  in  the  iron  and  the 
oxygen  of  the  air  to  unite,  and  results  in  an  increase  in  temper- 
ature and  the  formation  of  silica  (SiO->).  At  the  same  time  a 
small  portion  of  the  carbon  and  most  of  the  manganese  are  oxid- 
ized to  CO2  and  MnO.  Following  this  increase  in  temperature, 
the  carbon  is  burnt  to  carbon  monoxide,  producing  the  brilliant 
flame  at  the  mouth  of  the  converter.     When  the  carbon  is  all  con- 

23 


sumccl,  the  flame  drops,  which  indicates  to  the  blower  that  the 
converter  must  be  turned  down  and  the  blast  turned  off,  or  the 
iron  will  be  rapidly  oxidized.  Fig.  5  represents  two  Bessemer 
converters  in  action.  The  one  on  the  right,  showing  the  shorter 
flame,  represents  the  beginning  of  the  blow,  or  the  burning  of 
the  silicon  and  most  of  the  manganese.  The  one  on  the  left 
shows  the  later  stages  of  the  blow,  when  the  carbon  is  burning 
with  a  large  and  luminous  flame.  The  subsequent  shortening  of 
this  flame  nidicates  the  practical  elimination  of  the  carbon,  or  the 
end  of  the  blow.  As  the  blown  metal  is  poured  from  the  con- 
verter into  the  ladle,  the  required  amount  of  spiegeleisen  or  ferro- 
manganese  is  added,  which  is  quickly  dissolved  and  uniformly 
distributed  through  the  mass.  The  ladle  is  then  transferred  to 
the  casting  platform,  and  the  steel  is  teemed  into  cast  iron  molds, 
after  which  the  molds  are  stripped  from  the  ingots,  and  the  latter 


Fig.  5 — Bessemer  Converters 

are    quickly   transferred    to    what    are    called    soaking    pits,    to    be 
"soaked"  or  heated  for  the   subsequent  operation  of  rolling. 

The  pig  iron  used  in  the  acid  Bessemer  process  must  cor- 
respond very  nearly  to  the  following  analysis : 

Silicon    1 .  25   per  cent 

Sulphur    0.06  per  cent 

Phosphorus    0.09  per  cent 

Manganese     0. 50  per  cent 

The  melting  point  of  pig  iron  is  considerably  lower  than  that 
of  steel.  The  increase  in  temperature  in  the  converter,  as  ex- 
plained above,  is  due  to  the  oxidation  of  the  silicon  to  silica.  This 
increase  in  temperature  is  required  to  burn  the  carbon  and  main- 
tain a  sufficiently  high  temperature  in  the  blown  metal  for  casting. 

If  the  silicon  is  too  low,  the  temperature  will  not  rise  high 
enough  for  the  final  reactions  between  the  metal  and  the  manga- 
nese, and  the  steel  will  not  be  satisfactory. 
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It  is  also  true  that  when  the  silicon  is  too  high,  the  increase 
in  temperature  does  not  give  satisfactory  results. 

The  sulphur  and  phosphorus  remain  unchanged  and  may  be 
found  in  slightly  higher  percentages  in  the  steel,  owing  to  a  loss 
in  other  metalloids. 

The  value  of  Bessemer  steel,  when  compared  with  open- 
kearth,  depends  almost  entirely  upon  the  purpose  for  which  it  is 
used.  For  the  manufacture  of  certain  grades  of  wire,  Bessemer 
steel  is  far  superior  to  open-hearth  in  every  respect.  It  is  also 
true  that  for  certain  purposes  open-hearth  is  very  much  better 
than  Bessemer.  There  are  many  reasons  why  the  wire  manufac- 
turer will  regret  the  day  when  Bessemer  ores  become  so  scarce 
(if  they  ever  do)   that  the  process  must  be  abandoned. 

The  Acid  Open-Hearth  Process 

The  method  is  all  that  the  name  implies.  It  is  carried  on  in 
a  silica-lined  hearth,  in  which  a  mixture  of  pig  iron  and  wrought 
iron  or  steel  scrap  is  openly  exposed  to  the  melting  action  of  the 
flame.  The  method  was  invented  and  patented  by  the  Messrs. 
Siemens,  in  1856,  or  about  one  year  after  Bessemer  recorded  his 
invention.  At  first,  great  difficulty  was  experienced  in  obtaining 
a  sufficiently  high  temperature,  and  about  eight  years  later  the 
problem  was  solved  by  a  Frenchman  named  Martin,  who  applied 
the  so-called  regenerative  system,  which  means  preheating  the  gas 
and  air  before  they  enter  the  furnace,  thus  greatly  increasing  the 
intensity  of  the  flame.  This  process,  unlike  the  Bessemer,  having 
a  fuel  supply  entirely  independent  of  the  charge,  may  be  contin- 
ued indefinitely.  The  fuel  may  be  natural  gas,  producer  gas  or 
crude  oil.  In  acid  open-hearth  steel  the  sulphur  and  phosphorus 
are  dependent  on  the  composition  of  the  charge,  the  same  as  in 
the  acid  Bessemer  process,  while  the  percentage  of  carbon,  man- 
ganese and  silicon  in  the  resulting  steel  are  under  the  control  of 
the  melter. 

It  is  customary  to  regulate  the  proportions  of  pig  iron  and 
scrap  in  the  charge  so  that  the  bath  after  melting  shall  be  prac- 
tically free  from  silicon  and  manganese.  The  excess  of  carbon 
in  the  bath  is  reduced  by  adding  iron  ore.  The  oxygen  of  the 
ore  combines  wdth  the  carbon  in  the  bath  to  form  carbon  mon- 
oxide, which  gradually  disappears. 

The  progress  of  the  work  is  observed  by  frequently  taking 
test  samples  from  the  bath,  and  hammering  and  quenching  them 
in  water.  The  fractured  surfaces  of  these  samples  indicate  to 
the  experienced  melter  the  approximate  amount  of  carbon  the 
bath  contains.  When  the  metal  is  ready  to  tap,  ferro-manganese 
is  either  added  in  large  lumps  to  the  bath,  or  in  very  small  pieces 
to  the  stream  of  metal  as  it  runs  into  the  ladle.  There  is  no  satis- 
factorv  way  to  rccarburize  open-hearth  steel  in  the  ladle.  The 
addition  of  crushed  coke  or  hard  coal  to  the  steel  as  it  runs  from 
the  furnace  into  the  ladle  is  almost  sure  to  produce  very  unsatis- 
factory results.  The  only  proper  way  to  recarburize  steel  in  the 
ladle  is  to  add  melted  spiegel,  and  this  practice  is  not  applicable 
to  the  open-hearth  process.     The  quality  of  the  steel  aside   from 


its  chemical  composition  depends  largely  upon  the  temperature 
during-  the  process  of  melting,  the  condition  of  slag-  and  bath 
during-  the  refining-  period,  the  temperature  at  the  time  of  tapping, 
the  manner  of  niaking  ladle  additions,  and  the  rate  of  teeming. 
Ver)^  much  also  depends  upon  the  physical  and  heat  treatment 
the  steel  receives  after  it  is  made. 

Basic  Open-Hearth  Process 

In  construction,  the  basic  furnace  is  the  same  as  the  acid 
furnace,  except  that  the  hearth  is  lined  with  basic  materials,  such 
as  magnesite,  burnt  dolomite  and  lime.  The  walls  and  roof  are 
constructed  of  silica  bricks   in   the   usual  manner. 

The  process  begins  with  adding  to  the  hearth  a  charge  of 
either  cold  or  melted  pig  iron  with  varying  amounts  of  wrought 
iron  or  steel  scrap.  In  addition  to  the  metallic  contents  of  the 
charge,  a  calculated  weight  of  limestone  is  added  to  take  care  of 
the  slag- forming  ingredients  in  the  charge,  such  as  silica  (SiO=), 
and  oxides  of  iron  and  manganese,  thus  forming  a  slag  strongly 
basic  in  character,  which  takes  up  practically  all  of  the  phosphorus 
and  part  of  the  sulphur  contained  in  the  charge.  It  is  customary 
to  regulate  the  proportions  of  pig  iron  and  scrap  in  the  charge 
so  that  the  bath  after  melting  shall  be  practically  free  from  sil- 
icon, manganese  and  phosphorus,  and  contain  approximately  the 
percentage  of   carbon  required  in  the  finished  product. 

To  meet  the  specifications  in  silicon  and  manganese,  it  is 
customary  to  add  crushed  ferro-silicon  and  ferro-manganese  to 
the  ladle  as  the  steel  is  tapped  from  the  furnace.  When  the  re- 
quired amount  of  manganese  in  the  finished  steel  is  high,  it  is 
better  to  add  a  part  of  the  ferro-manganese  in  large  lumps  to  the 
furnace  a  few  minutes  before  tapping.  In  the  basic  open-hearth 
practice,  it  is  desirable  to  use  pig  iron  with  silicon  not  over  1  per 
cent.  This  is  especially  important  when  the  proportion  of  pig 
iron  in  the  charge  is  60  per  cent  or  more.  When  melted  pig  iron 
is  available,  it  may  be  taken  direct  from  the  blast  furnace,  al- 
though it  is  more  satisfactory  if  the  charge  is  drawn  from  the 
metal  storage  (or  mixer).  The  growing  scarcity  of  wrought 
iron  and  steel  scrap  for  open-hearth  requirements  makes  it  neces- 
sary to  use  greater  proportions  of  pig  metal,  w^hich  is  quite  ob- 
jectionable in  many  ways.  The  percentage  of  steel  produced 
from  a  given  charge  is  correspondingly  lower,  because  the  metal- 
lic value  in  pig  iron  is  about  93  or  94  per  cent,  as  compared  to 
99  per  cent  or  more  in  steel  and  wrought  iron  scrap. 

Local  conditions  often  require  some  variations  in  practice 
such  as  the  "pig  and  ore  process",  which  consists  in  first  fusing 
upon  the  furnace  hearth  a  mixture  of  ore  and  limestone,  to  which 
is  added  the  melted  pig  iron.  The  oxygen  of  the  ore  and  the 
silicon  in  the  pig  metal  unite  to  form  silica  (SiO^),  after  which 
a  vigorous  reaction  takes  place,  causing  more  or  less  foaming  for 
a  considerable  period  of  time.  During  the  refining  operations 
all  of  the  iron  added  in  the  form  of  ore  is  reduced  to  the  metallic 
state,  correspondingly  increasing  the  yield  in  ingots. 

The  basic   furnace  is  sometimes  used   in  connection   with   the 
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acid  Bessemer.  The  molten  pig  metal  is  first  poured  into  the 
converter  and  blown  until  the  silicon  and  a  part  of  the  carbon 
and  manganese  are  removed ;  the  contents  are  then  transferred  to 
the  basic  open-hearth  to  remove  the  phosphorus  and  complete  the 
removal  of  carbon  from  the  bath  to  the  desired  point.  This  proc- 
ess is  of  particular  value  in  localities  where  steel  and  wrought 
iron  scrap  is  scarce.  The  quality  of  the  steel  made  by  the  above 
process  is  perfectly  satisfactory  for  all  ordinary  purposes.  Basic 
open-hearth  steel  is  softer  than  acid  open-hearth  of  corresponding 
analyses,  and  is  very  much  better  for  cold  working;  while  for 
hardening  and  tempering  purposes,  acid  steel  is  usually  preferred. 
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The  Various  Applications  of 
Storage  Batteries 

By  a.  B.  Burk,  Jr. 

A  short  explanation  of  the  storage  battery  may  be  necessar)^ 
in  order  to  avoid  confusion  of  terms.  This  paper  will  deal  only 
with  what  is  known  as  the  lead-sulphuric  acid-lead  type  of  bat- 
tery, which  is  the  only  one  that  has  survived  in  all  classes  of  com- 
mercial work,  of  the  various  combinations  tried  to  date. 

The  chemical  theory  of  the  storage  battery  has  never  been 
definitely  settled,  although  many  theories  have  been  advanced  to 
account  for  the  reactions  in  a  cell.  An  approximate  idea  of  what 
goes  on  during  charge  and  discharge  may,  however,  be  easily 
stated.  From  an  elementary  standpoint,  a  storage  battery  consists 
of  two  or  more  plates,  positive  and  negative,  insulated  from  each 
other  and  submerged  in  a  jar  of  dilute  sulphuric  acid.  The  plates 
have   as   active   material,   either  as   part   of   the   plates   or   held   in 
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the  grids,  finely  divided  lead,  which  offers  an  enormous  surface 
to  the  electrolyte,  allowing  electro-chemical  action  to  take  place 
easily  and  quickly.  The  plate  called  positive,  when  formed,  be- 
comes oxidized,  while  the  other  remains  pure  lead,  usually  spoken 
of  as  spongv  lead.  This  combination  has  a  potential  difference 
of  about  two  volts,  and  current  will  flow  if  the  plates  are  con- 
nected through  an  external  circuit.  During  discharge  the  positive 
plate  loses  its  oxygen  and  both  plates  become  sulphated,  until,  if 
the  discharge  is  carried  far  enough,  both  plates  become  inert;  the 
active  material  on  each  having  reached  the  condition  of  lead  sul- 
phate. On  again  charging,  the  sulphate  is  driven  out  of  both 
plates,  and  the  positive  plate  oxidized,  and  this  cycle  can  be  re- 
peated until  the  plates  are  worn  out.  Charging  and  discharging 
simply  results  in  a  chemical  change  in  the  active  material  and 
electrolvte,  and  the  potential  difference  between  the  plates,  and 
capacity  is  due  to  this  change. 

While  the  storage  battery  may  be  considered  as  dating  back 
to  1860,  it  was  hardly  a  commercial  proposition  until  1881,  when 
the  pasted  type  of  plate  was  developed  by  Brush  and  Faure.  On 
a  large  scale,  it  can  be  considered  as  dating  back  in  this  country 
some  fifteen  years.  Improvements  are  being  made  in  design,  man- 
ufacture and'  installation  so  rapidly  that  few  fields  of  electrical 
work  can  show  a  similar  rate  of  progress. 

The  heart  of  a  storage  battery  is  in  the  plates,  of  which  there 
are  two  general  types,  those  in  which  the  active  material  is  integral 
with  the  support,  and  those  in  w^hich  the  active  material  is  not. 
The  first  is  usually  called  the  Plante,  the  second  the  Faure  type. 
But  it  is  rather  difficult  to  classify  all  plates,  as  many  have  some 
of  the  characteristics  of  both  general  types. 

Any  plate  is  a  compromise  between  capacity,  life,  weight  and 
cost,  and  since  there  are  many  dift'erent  service  conditions,  to 
secure  best  results  various  types  of  plates  are  in  general  use.  The 
pasted  or  Faure  type  is  used  in  vehicle  and  in  most  portable  work, 
or  where  space  is  very  valuable,  as  it  combines  high  capacity  with 
reasonable  weight.  Where  life  and  capacity  are  the  most  valuable 
considerations,  a  Plante  type  plate  is  chosen.  For  low  or  high 
discharge  rates,  either  a  pure  lead  or  a  grid  type  may  be  chosen, 
dependent  upon  plate  characteristics   and   conditions  of  service. 

A  storage  battery  has  certain  voltage  characteristics,  which 
are  inherent  and  must  always  be  considered.  On  charging  a 
normal  cell,  the  current  being  constant,  and  the  cell  in  a  dis- 
charged condition,  the  voltage  starting  at  about  two  volts,  will 
rise  rather  rapidly,  then  slowly  until  the  cell  is  nearly  charged, 
when  it  will  again  rise  rapidly  until  a  maximum  is  reached.  This 
maximum  may  vary  from  2.4  volts  to  as  high  as  three  volts, 
depending  on  the  type  of  plate,  concentration  of  electrolyte,  tem- 
perature, age  of  plates  and  current  density.  On  opening  the 
circuit,  the  cell  voltage  will  drop  rapidly  to  about  2.2,  then  slowly 
to  from  2.16  to  2.10  volts.  On  discharge,  the  voltage  will  drop 
from  2.10  to  a  lower  figure,  depending  upon  the  rate  of  discharge, 
then  slowly  drop  until  the  end  of  discharge,  when  it  drops  off 
quite  rapidly  to  a  point  from  1.9  to  1.4  a  cell,  at  which  point  the 
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cell  is  considered  discharged.     This  "cut  ofif"  voltage  varies  with 
the  type  of  plate,  and  with  the  rate  of  discharge. 

It   is,   therefore,    necessary   in    charging   a   storage   battery    to 


Cell  for  Stationary  Battery  in  Glass  Jar 

impress  upon  its  terminals  a  higher  voltage  than  the  nominal  cell 
voltage,  and  on  discharge,  to  use  a  lower  voltage.  In  order  to 
charge  from  a  circuit  of  fixed  voltage  and  discharge  on  a  similar 
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Cell    for    Emergency    Battery,    Type    131-H-Exide 

circuit,  it  is  necessary  to  have  some  means  of  supplying  this  volt- 
age.    There  are  various  methods  of  doing  this. 

In   the   first   place,   we   may   vary   the    supply   voltage    from    a 
special  or  regular  generator.      Taking  a  proper  number  of   cells, 
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we  can  add  what  are  called  end  cells,  or  cells  in  addition  to  the 
original  or  main  battery,  so  arranged  that  they  may  be  cut  in  or 
out  of  circuit.  Thus  at  the  start  of  charge,  sufficient  cells  would 
be  in  the  circuit  to  allow  a  proper  rate  of  current  to  flow  into  the 
batterv.  As  the  voltage  of  the  cells  rises,  the  end  cells  would  be 
cut  out,  until  only  the  main  battery  is  on  the  line.  On  discharge, 
these  end  cells  would  be  added  to  the  main  battery,  keeping  the 
total  voltage  constant,  notwithstanding  the  drop  in  individual  cell 
voltage. 

By  using  two  end  cell  switches,  in  which  the  points  are  cross- 
connected,  it  is  quite  possible  to  impress  a  high  charging  voltage 
on  the  battery  and  end  cells  through  one  switch,  while  the  other 
switch  can  be  connected  to  the  load  circuit,  allowing  a  portion  of 
the  charging  current  to  go  through  both  switches  without  raising 
the  voltage  on  the  load  circuit. 

In  place  of  end  cells  in  small  batteries,  what  are  known  as 
counter  E.  M.  F.  cells  can  be  used.  The  counter  electro  motive 
force  cell  consists  of  one  in  which  merely  grids  are  used,  having 
no  capacity,  the  current  always  passing  through  in  a  charge 
direction.  The  plates  are  quite  cheap,  not  having  to  be  formed, 
and  last  a  long  while.  These  replace  the  use  of  resistance  with 
an  added  advantage  that  the  counter  E.  M.  F.  of  these  cells  is 
never  less  than  two  volts,  so  that  the  regulation  for  small  currents 
is  better  than  with  the  use  of  resistances. 

Small  batteries  may  be  charged  in  parallel  or  series  parallel 
and  discharged  in  series,  usually  with  a  resistance,  or  they  may  be 
charged  from  one  voltage  and  discharged  at  another  voltage. 

Large  batteries  are  usually  installed  with  boosters  in  series 
with  the  batteries.  These  boosters  are  low  voltage  generators, 
usually  motor-driven,  and  their  function  is  to  make  the  battery 
voltage  characteristic  a  straight  line.  On  charge,  the  booster 
voltage  is  added  to  that  of  the  line,  on  discharge  (if  used)  to  that 
of  the  battery. 

End  cell  regulation  is  used  on  large  batteries  where  dis- 
charges are  constant  in  rate  and  run  in  capacity  up  to  as  high 
as  40,000  amperes  per  switch.  As  the  battery  discharges  and  the 
voltage  of  the  battery  falls,  or  tends  to  fall,  additional  cells  are 
cut  in  by  the  switch,  which  is  motor-driven  in  the  large  sizes,  so 
that  the  supply  voltage  does  not  vary.  End  cells  are  usually  used 
on  lighting  batteries  as  they  are  not  made  automatic. 

In  controlling  batteries,  the  elementary  protection  given  the 
circuits  is  about  the  same  as  for  a  generator ;  i.  c,  switches,  fuses 
or  circuit  breakers  are  installed,  with,  in  many  cases,  a  zero  volt- 
age or  reverse  current  breaker,  when  it  is  not  advisable  to  have 
the  battery  discharge,  where  compound  or  series  generators  are 
used,  or  in  cases  where  it  is  not  advisable  to  discharge  back  on 
a  shunt  generator. 

Since  current  rates  on  large  batteries  run  very  high,  the 
switching  proposition  is  difficult  when  currents  have  to  be  handled 
as  high  as  from  20,000  to  40,000  amperes.  In  such  cases,  remote 
control    electrically    operated    switches    are    used. 

Where  the  conditions  of  service  call  for  rapid  alternations  of 
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Two  High  Speed  Magnetic  Control  End  Cell  Switches 
Maximum  Capacity  20,000  Amperes  Each 
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charge  and  discharge,  an  automatically  controlled  booster  is  con- 
nected between  the  generator  and  battery,  the  voltage  of'  the 
booster  being  varied  to  secure  the  desired  results.  The  device 
most  widely  adopted  for  automatically  controlling  the  booster 
voltage  is  what  is  known  as  the  carbon  regulator.  This  regulator 
consists  of  two  series  of  piles  of  carbon  discs,  arranged  on  op- 
posite sides  of  the  fulcrum  of  a  lever,  one  end  of  which  is  sub- 
jected to  the  tension  of  an  adjustable  spring,  while  from  the  other 
end  is  suspended  the  soft  iron  core  of  a  solenoid,  connected  into 
the  generator  circuit.  The  two  series  of  discs  are  connected  in 
series  across  the  battery,  while  the  field  of  the  booster,  or  of  its 
exciter,  is  connected  into  a  circuit  from  the  middle  point  of  the 
battery  to  the  middle  point  of  the  series  of  carbon  piles.  The 
whole  arrangement  forms  a  Wlieatstone's  bridge.  When  the  load 
increases,  pressure  is  put  on  one  side  of  the  carbon  regulator 
unbalancing  the  bridge,  allowing  current  to  flow  in  the  middle 
leg  so  that  the  booster  voltage  will  build  up  in  the  proper  direc- 
tion to  discharge  the  battery.  \\'hen  the  load  drops  below  the 
average,  the  spring  overbalances  the  solenoid,  which  again  unbal- 
ances the  bridge,  allowing  current  to  flow  in  the  middle  leg  in 
the  reverse  direction,  the  booster  then  adding  its  voltage  to  that 
of  the  line  and  charging  the  battery.  The  result  of  this  is  to 
maintain  approximately  a  constant  load  on  the  generators,  the 
variations  being  taken  care  of  by  the  battery. 

The  two  principal  objects  attained  by  this  device  is  to  have 
a  booster  quickly  reversible,  in  response  to  load  demands,  and  by 
the  multiple  effect  of  the  Wheatstone  bridge  to  a  greater  extent 
than  is  really  necessary,  as  shown  by  the  difference  in  pull  on  the 
solenoid.  This  is  required  to  overcome  the  induction  of  the 
booster  and  reduce  the  time  lag  between  the  change  in  load  and 
the  battery  taking  care  of  the  fluctuation,  to  an  extremely  small 
space  of  time. 

Several  devices  are  used  in  connection  with  the  carbon  reg- 
ulator so  that  the  discharge  of  the  battery  can  be  controlled  within 
well  defined  limits.  \Mien  a  battery  is  installed  for  the  purpose 
of  regulation  and  is  discharging  at  its  maximum  rate,  at  a  time 
of  the  heaviest  load  on  the  power  house,  it  can  be  readily  seen 
that  if  the  circuit  breaker  on  the  battery  should  open,  the  load 
would  suddenly  be  thrown  on  the  station  with  an  almost  certain 
result  that  the  generator  circuit  breakers  would  follow,  thus  cut- 
ting off  service.  By  installing  Avhat  is  known  as  a  current  stop, 
which  limits  the  charge  and  discharge  of  a  battery  to  its  over- 
load limits,  several  valuable  results  are  gained.  One  is  that  the 
battery  takes  care  of  the  fluctuations  of  load  until  it  reaches  its 
limit,  the  generating  equipment  taking  the  rest,  which  is  a  slow 
change,  thus  allowing  a  smaller  battery  to  be  used  to  give  the 
same  results  in  load  regulation.  The  action  of  the  current  stop 
on  the  charge  side  is  also  necessary  for  the  better  protection  of 
the  battery,  as  it  avoids  overcharging  a  battery  at  time  of  low 
load,  thus   increasing  the   life   of   the   plates. 

With  the  carbon  regulator  is  also  installed  an  average  ad- 
juster,  which  is   a  small  motor  suitably   driven,   which   varies  the 
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tension  of  the  spring-  on  the  regulator.  The  action  of  this  device 
is  to  keep  the  battery  at  the  point  of  its  maximum  sensibility  and 
reHeve  the  battery  from  taking  peaks  which  are  not  necessary, 
reserving  all  capacity   for  fluctuations. 

The  addition  of  these  two  devices  to  a  carbon  regulator 
allow^s  a  smaller  battery  to  be  installed  to  take  care  of  a  certain 
load  fluctuation  than  would  be  possible  without  such  devices. 

It  is  hard  to  make  a  division  of  the  various  uses  for  which 
storage  batteries  are  installed,  as  it  is  very  seldom  that  a  battery 
is  used  for  one  purpose  only.  Generally  speaking,  batteries  are 
used  in  two  ways.  In  one  the  energy  capacity  of  the  battery  is 
used  as  such,  and  in  the  other  the  energy  capacity  of  the  battery 
is  utilized  for  short  spaces  of  time,  such  as  in  taking  care  of 
rapid  fluctuations  for  sudden  demands  for  power.  However,  most 
batteries  are  installed  for  three  or  four  different  purposes  and  it 
is  difficult  to  separate  one  function  from  another. 
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R    Positive    Maxchkstf.k    I'late 

A  charged  storage  battery  represents  potential  energv,  and 
therefore  its  uses  are  determined  by  the  uses  to  which  we  can 
use  energy,  subject  to  the  limitations  of  the  battery  itself.  The 
capacity  of  any  battery  is  limited,  but  the  energy  can  be  used  in 
varying  rates.  For  example,  a  battery  may  be  discharged  for 
many  hours  at  a  low  rate,  or  at  a  high  rate  for  a  few  minutes — 
it  can  be  used  on  a  steady  or  intermittent  discharge,  it  can  be 
used  alone,  or  in  combination  with  another  source  of  current 
supply. 

Perhaps  the  uses  of  storage  batteries  may  be  roughly  divided 
into  two  classes,  one  in  which  the  ampere  hour  capacity  of  the 
battery  is  utilized,  the  other  in  which  the  ampere  capacity  is  the 
characteristic  used.  Both  these  classes  would  have  subdivisions 
depending  on  whether  the  battery  was  aided  by  a  source  of  cur- 
rent supply,  or  whether  the  energy  was  supplied  by  the  battery 
only.      A   still    further    division    would    result    in    considering   bat- 
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teries  used  on  regular  cycles  of  charge  and  discharge,  or  if  the 
duty  performed  was  occasional,  and  all  batteries  would  fall  into 
two  other  classes,  that  of  being  portable  or  stationary. 

As  for  straight  storage,  probably  the  largest  field  at  present 
for  batteries  is  in  vehicle  work.  In  this  case  the  battery  is 
charged  and  has  a  certain  amount  of  energy  capacity,  which  is 
utilized  in  driving  a  motor  car.  The  growth  of  the  electric 
vehicle  industry  in  the  past  few  years  has  been  wonderful  and 
has  been  the  result  of  improvements  in  motors,  bearings,  car 
designs,  and  mostly  by  improvements  in  batteries  and  in  the  life 
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and  reliability  of  the  later  types.  It  is  hardly  necessary  to  go 
into  this  subject  very  deeply,  as  it  is  apparent  on  every  side, 
especially  in  Cleveland,  that  the  electric  vehicle  has  a  large  part 
in  the  motor  car  industry.  Proportionately  the  number  of 
electric  vehicles  is  increasing,  compared  to  all  other  types  of 
vehicles  in  use,  largely  so  on  account  of  the  satisfactory  mileage, 
now  obtained  by  properly  designed  cars  using  first-class  batteries. 
This  year  has  been  marked  by  the  introduction  of  a  new  type 
of  lead  battery  which,  for  the  same  weight,  has  greater  capacity 
than  anything  heretofore  marketed.  It  also  has  a  greatly  in- 
creased life,  thus  reducing  cost  of  operation  and  what  is  perhaps 
as  important,  lessening  the  time  necessary  in  making  battery 
repairs. 


Phantom   View   Sparking  Battery 


ExiDE  Cell  for  Vehicle  Work 


As  said  before,  this  is  what  is  called  straight  storage,  al- 
though there  are  some  trucks  on  the  market,  where  a  battery  is 
floated  in  parallel  with  an  electric  generator,  driven  by  a  gasoline 
engine,  the  battery  in  this  case  supplying  the  starting  current  or 
rather  that  portion  of  the  starting  current  in  excess  of  the  normal 
load  of  the  generator ;  this  capacity  being  returned  during  periods 
when  the  truck  is  running  free  or  standing  still. 

Train  lighting  is  one  of  the  largest  fields  for  the  storage 
battery  and  this  field  also  is  just  opening.  It  does  not  require 
much  to  see  that  in  the  near  future  preventive  laws  will  cause 
the  disappearance  of  the  lighting  of  trains  by  open  flames.  The 
loss  of  life  in  railroad  accidents,  due  to  the  cars  catching  fire,  is 
entirely  due  to  the  method  used  in  lighting  cars,  and  it  is  an  open 
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secret  that  the  railroads  are  looking  forward  to  the  day  when 
electric  lighting-  will  be  compulsory.  For  car  lighting,  electric 
lights  are  far  superior  to  any  others,  not  only  as  to  safety,  but 
also  as  to  steadiness  of  the  lights  and  better  distribution,  and  the 
lack  of  odor  and  heat. 

Car  lighting  is  sometimes  straight  storage,  that  is,  a  battery 
is  charged  and  kept  in  service  until  discharged,  or  until  the  end 
of  the  run.  Two  other  systems  are  in  general  use.  One  where 
a  car  is  equipped  with  a  storage  battery  and  a  dynamo  driven 
from  the  car  axle,  the  latter  being  used  to  charge  the  battery 
and  carry  the  load  except  during  the  time  when  the  train  is  at 
a  standstill  or  running  at  slow  speed.  The  other  system  is  a 
head-end  system,  in  which  a  battery  is  installed  in  each  car  and 
a  generator  installed  in  the  baggage  car  or  on  the  engine ;  light- 
ing the  entire  train  except  when  the  car  or  the  engine  is  un- 
coupled. 

A  large  field  for  batteries  of  the  smaller  type  is  in  supplying 
current  for  the  ignition  of  gas  engines,  either  stationary  or  in  the 
form  of  automobiles  and  motor  boats.  This  also  is  mostly  straight 
storage,  although  there  are  some  automatic  charging  systems  in 
which  the  generator  is  driven  by  the  engine  and  the  batteries  used 
for  starting  and  when  the  engine  is  not  running,  to  supply  lights. 
This  latter  point,  that  of  supplying  lights,  is  a  comparatively 
recent  development,  due  to  the  introduction  of  the  wire  type  of 
metallic  lamps  and  is  practically  standard. 

Where  an  automobile  is  electric  lighted,  the  same  battery  is 
usually  used  for  both  the  lighting  system  and  for  the  spark  coil, 
although  in  some  cases  separate  batteries  are  installed.  The  rapid 
growth   of   electric  automobile   lighting   is   evidence   of   its   worth. 

Stationary  gas  engines  sometimes  have  a  battery  connected 
across  a  magneto,  sometimes  a  portable  battery,  which  is  charged 
at  some  suitable  source.  The  storage  cell  is  rapidly  replacing 
primary  cells  previously  used  for  this  work,  as  it  is  cheaper  and 
more  reliable. 

In  1894,  the  first  common  battery  in  telephone  service  was 
installed,  the  first  large  one  being  installed  the  following  Jan- 
uary in  Philadelphia,  while  the  first  battery  with  a  full  multiple 
switchboard  was  installed  in  June,  1896.  Since  that  time  the 
introduction  of  this  modern  type  of  telephone  switchboard  has 
been  rapid  so  that  there  are  in  service  considerably  more  than 
100,000  cells  of  storage  batteries  used  for  supplying  power  for 
the  talking  circuits  of  telephones.  The  storage  battery  has  also 
replaced  in  a  great  many  cases  the  primary  cells  used  for  tele- 
graph systems,  at  a  considerable  saving  of  expense. 

In  railway  signal  work,  where  reliability  of  service  is  in- 
despensable,  storage  batteries  are  used  in  large  quantities.  These 
are  sometimes  installed  so  that  they  are  charged  from  a  central 
station,  but  in  more  sparsely  settled  districts  portable  batteries 
are  used  with  great  success,  which  are  charged  at  some  central 
point  and  distributed  along  the  line,  replacing  batteries  which  are 
in   turn   taken   back   to   be    recharged.      This    is    another   instance 
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where  a  storage  battery  has  been  found  cheaper  and  more  rehable 
than  the  primary  batteries  which  were  first  used. 

In  larg-e  alternating-  current  central  stations  it  is  essential  that 
current  be  kept  on  the  field  circuits  of  the  alternators  at  all  times. 
It  is,  therefore,  necessary  to  have  a  reserve  source  of  current  in 
order  to  insure  operation  under  all  conditions,  and  storage  bat- 
teries are  used  for  this  purpose.  In  almost  all  large  central 
stations  the  normal  function  of  these  batteries  is  as  a  reserve  to 
minimize  the  possibility  of  the  station  being  left  in  an  inoperative 
condition. 

The  same  reasons  which  led  to  the  installation  of  storage  bat- 
teries on  the  field  circuit  of  alternators  has  led  to  the  extensive 
use  of  batteries  for  the  operation  of  remote  control  oil  switches. 
The  modern  oil  switch  is  usually  electrically  operated  either  by 
a  motor  or  a  solenoid,  and  it  is,  of  course,  necessary  that  the 
switch  should  be  capable  of  being  opened  at  any  time  when  it  is 
necessary,  without  delay.  The  actual  current  required,  of  course, 
is  not  very  great,  but  practically  all  first-class  sub-stations  are 
now  equipped  with  a  storage  battery  to  be  used  for  this  purpose. 
With  these  batteries  are  installed  charging  sets,  thus  allowing 
them  to  be  kept  in  first-class  condition. 

Storage  batteries  are  also  used  on  fire  alarm  systems  and 
in  wattmeter  and  instrument  testing.  This  is  particularly  true 
where  instruments  are  to  be  calibrated  to  a  high  percentage  of 
accuracy,  as  the  battery  discharge  is  far  steadier  than  any  cur- 
rent obtained  from  a  generator. 

The  lighting  of  detached  residences  and  country  places  has 
always  been  perplexing  and  batteries  are  used,  to  a  large  extent, 
in  these  places  in  order  to  obtain  a  24-hour  service  without  oper- 
ating a  local  generating  plant  for  more  than  a  few  hours,  as 
reserve,  and  for  largely  increasing  the  lighting  capacity  of  the 
plant  for  short  periods  of  time,  such  as  receptions  or  other  occa- 
sions, and  because  of  the  desire  for  steadiness  of  light  on  the  part 
of  owners  of  large  homes. 

As  can  be  seen,  such  plants  are  quite  large  installations  and 
a  battery  suitable  for  such  purposes  is  rather  expensive.  Within 
the  past  couple  of  years  the  introduction  of  the  low  voltage  Mazda 
■  lamp  has  allowed  the  use  of  storage  batteries  in  many  installations 
where  its  use  previously  has  been  prohibited.  These  installations, 
which  are  being  installed  in  large  numbers  at  the  present  time, 
are  called  low  voltage  plants  and  usually  consist  of  16  cells  of 
battery  with  a  small  gas  or  gasoline  engine-driven  plant.  The 
battery  can  be  installed  at  prices  ranging  from  $100  and  up,  de- 
pending on  the  size  of  the  plant,  and  allow  a  small  house  owner 
to  have  the  advantage  of  electric  lights  at  quite  a  reasonable  cost 
and  with  very  little  trouble  in  supplying  power  for  the  battery. 
The  number  of  farm  houses,  which  already  have  gasoline  engines,, 
is  extremely  large ;  in  such  cases  the  installation  of  the  generator 
and  the  battery  allows  a  farmer  to  have  a  great  part  of  the  work 
around  the  farm  done  by  electric  motors,  and  with  scarcely  any 
m.ore  expense  allows  him  to  have  the  convenience  of  the  city  in 
his   home,    no   matter   how    remote    from    any    electric    generating 
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plant.  It  is  sure  that  this  low  voltage  house  lighting-  has  only 
begun  to  find  a  field  for  operation. 

One  other  use  for  the  storage  battery  is  found  in  the  lighting 
of  yachts  where,  of  course,  modern  methods  of  lighting  are 
essential.  These  batteries  run  in  large  sizes,  in  some  cases 
yachts  have  a  capacity  of  as  high  as  140  16-candlepower  carbon 
lamps  burning  continuously  for  three  hours.  It  must  not  be 
overlooked  that  the  submarine  vessels  in  our  navy  are  all  equipped 
with  storage  batteries,  which  are  used  while  the  boat  is  submerged. 
These  installations  will  run  in  extremely  large  sizes,  the  battery 
capacity  being  about  300  amperes  for  some  three  hours,  the  charg- 
ing current  being  supplied  by  a  generator  driven  by  a  gas  engine, 
which  is  also  used  for  propulsion  while  the  boat  is  on  the  surface. 

Electrically  operated  draw  bridges  on  railroads  are  quite 
common,    and    as    reliability    of    service    is    here    most    important, 


Low   Voltage   Lightixg  Plant 


storage  batteries  are  installed.  [Most  of  these  draw  bridges  are 
supplied  with  current  from  an  alternating  current  supplv.  or  by- 
some  form  of  gas  engine-driven  generator.  Both  of  these  sources 
of  supply  are  apt  to  be  irregular,  and  as  a  bridge  must  swing 
quickly  and  surely  once  the  signal  is  given,  dependance  cannot 
be  placed  on  the  current  supply  alone.  Then,  too.  the  starting; 
current  for  the  motors  is  high,  compared  to  the  running  current^ 
the  battery,  of  course,  supplying  the  excess  necessary,  thus  limit- 
ing the  load  on  the  generators.  In  the  case  of  a  gas  engine  plants 
it  is  only  necessary  to  run  for  a  short  time  daily,  or  less  often,  to- 
charge  the  battery,  thus  allowing  current  to  be  produced  most 
economically  both  as  to  labor  cost  and  engine  load  factor.  Thus 
arranged,  the  actual  operation  of  a  bridge  becomes  a  simple  matter 
of  using  a  controller  for  a  motor,  and  in  bridges,  as  in  all  other- 
important  work,  the  more  nearly  automatic  the  movements  re- 
quired for  a  given  result  on  the  part  of  the  operator,  the  more 
reliable  is  operation. 
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When  batteries  are  installed  in  order  to  relieve  generating 
machinery  from  load  fluctuations,  some  means  are  adopted  to 
compensate  for  the  voltage  variations  of  the  battery.  If  a  battery 
is  connected  in  parallel  with  a  generator  having  a  drooping  char- 
acteristic, one  in  which  the  voltage  drops  in  proportion  to  the 
load,  a  certain  per  cent  of  the  fluctuations  will  come  on  the 
battery  in  proportion,  as  the  drop  in  generator  voltage  is  greater 
than  that  of  the  battery.  This  method  is  seldom  used,  as  to 
secure  good  results  the  size  of  the  battery  is  greater  than  if  a 
booster  were  installed.  If  the  battery  were  located  at  a  consider- 
able distance  from  the  station,  even  if  the  generator  had  a  straight 
line  characteristic,  the  conditions  would  be  far  different.  In  this 
case  the  drop  in  voltage  over  the  feeder  or  trolley  wire  would 
increase  with  increase  of  current ;  that  is,  the  resistance  of  the 
line  causes  a  loss  in  voltage  at  the  point  of  the  load.  The  bat- 
tery, if  properly  located,  now  can  take  a  greater  proportion  of 
the  load  on  that  section  of  the  line,  and  in  addition  to  relieving 
the  power  house,  hold  a  higher  voltage.  This  is  the  line  battery 
and  its  installation  on  long  trolley  lines  improves  the  line  voltage, 
relieves  the  generators,  to  a  large  extent,  from  fluctuations,  allows 
schedules  to  be  maintained,  and  if  properly  designed,  costs  less 
than  the  copper  which  would  be  necessary  to  partially  achieve 
the   same  results. 

Generally,  batteries  taking  care  of  fluctuations  are  equipped 
with  boosters.  For  example,  the  battery  installed  at  the  Lukens 
Iron  &  Steel  Works,  Coatesville,  Pa.  Here  the  generating  station, 
with  an  average  load  of  1,100  amperes,  at  250  volts,  was  subject 
to  fluctuations  of  2,100  amperes  when  the  mill  motors  were  started. 
To  supply  the  current,  there  were  two  150-kilowatt  and  one  400- 
kilowatt  machines.  Here  was  installed  a  battery  with  a  capacity 
of  1,600  amperes  for  taking  care  of  the  fluctuations,  which  re- 
sulted in  the  total  load  on  the  station  being  kept  well  within  10 
per  cent  variation  from  the  average,  allowing  the  plant  to  be  run 
with  either  the  two  150-kilowatt  machines,  or  the  400-kilowatt 
machine,  leaving  one  or  two  machines  in  reserve.  The  economy 
due  to  steady  load  on  the  engines  was,  of  course,  marked. 

A  somewhat  similar  plant  at  the  Edgar  Thomson  Works 
■of  the  Carnegie  Steel  Co.  is  peculiar  in  that  the  battery  was  lo- 
cated at  the  point  of  greatest  load,  some  1,200  feet  away  from 
the  power  house,  so  that  the  feeder  drop  was  compensated  for. 
This  battery  has  a  capacity  of  10,000  amperes  for  20  minutes 
and  15,000  amperes  momentarily,  on  a  250-volt  bus.  The  load 
variations  were  very  quick  and  ran  from  4,000  to  20,000  amperes 
in  very  quick  succession.  This  installation  allowed  the  shutting 
down  in  regular  service  of  a  2,000-kilowatt  miit. 

These  and  many  other  installations  provide  for  a  constant 
voltage  for  the  load,  which  is  of  great  advantage  in  electric  rail- 
way and  steel  mill  service.  When,  however,  the  motor  load  is 
starting  of  elevators,  as  in  office  buildings,  hotels  and  the  like, 
it  is  quite  satisfactory  to  have  the  variable  load  taken  care  of  at  a 
varying  voltage,  and  it  is  vitally  important  to  keep  the  voltage 
of    the   lighting    circuits    constant.      The    booster    in    this    case    is 

40 


called  a  constant  current  booster,  and  is  designed  to  be  interposed 
between  the  generators  and  lights,  and  the  power   feeders. 

The  battery  is  connected  across  the  latter.  The  booster  allows 
a  constant  current  of  the  proper  average  value  to  go  to  the  power 
and  battery  bus.  Any  excess  load  is  taken  care  of  by  the  battery, 
while  it  also  charges  during  periods  of  light  or  no  load  on  the 
power  bus.  This  system  is  extremely  sensitive,  and  is  one  of  the 
best  from  a  battery  standpoint,  as  the  booster  is  quite  small,  in 
comparison  to  the  plant,  only  carrying  the  average  current  for 
the  load,  instead  of  the  battery  current,  which  may  be  manv  times 
greater.  Such  batteries  are  also  used  to  carry  the  night  load, 
allowing  the  engines  to  shut  down  each  evening,  in  addition  to 
their  daily  work. 

In  most  power  houses  and  generating  plants,  the  load  is  verv 
uneven,  that  is.  there  is  usually  a  peak  load  for  a  short  time,  when 
the  station  is  worked  at  its  maximum  or  overload  capacity,  while 
at  other  times  the  load  usually  runs  from  20  to  40  per  cent  of 
the  generating  capacity.  Storage  batteries  are  installed  in  such 
cases  to  relieve  the  generators  of  this  excess  load,  the  charging 
being  done  at  times  of  light  load,  thus  tending  to  keep  the  average 
load  more  nearly  constant.  The  benefits  of  this  are  apparent, 
since  the  fixed  costs  depend  on  station  capacity,  and  not  on  prod- 
uct, therefore,  to  secure  ideal  results,  a  station  should  run  con- 
tinuously at  full  load.  This  is  never  realized,  but  anv  smoothing 
out  of  the  load  curve  is  a  question  of  dollars  and  cents.  Peak 
batteries  are  controlled  either  by  boosters,  adjusted  bv  hand, 
though  perhaps  with  automatic  regulation  in  addition,  or  by  the 
use  of  end  cell  switches  on  discharge. 

It  must  be  remembered  that  not  only  do  peak  batteries  smooth 
out  the  load  curve  by  absorbing  the  smaller  fluctuations,  and  fill 
up  the  valleys  and  take  off  the  hills  on  the  larger  charges,  but 
they  are  also  of  great  value  in  the  case  of  sudden  demands  for 
power,  especially  in  gaining  time  while  spare  units  are  being  put 
on  or  off  the  line. 

With  the  modern  methods  of  purchasing  power  from  hydro- 
electric and  large  steam  generating  plants,  has  come  a  large  use 
of  batteries,  which  cheapen  the  cost  of  power  to  the  consumer, 
and  allow  rates  to  be  made  by  the  producer.  An  improvement 
in  load  factor  for  a  large  company  allows  the  company  to  increase 
its  revenue  without  additional  capital  expense.  Since  the  rates 
charged  are  based  on  variable  kilowatt  hours  supplied  and  on 
fixed  charges,  based  on  a  maximum  demand,  the  purchaser,  by 
improving  his  own  load  factor,  cheapens  his  fixed  charge  cost. 
This  is  so  when  the  cost  of  the  battery  in  capital  and  maintenance 
charges  is  less  than  the  fixed  charges  and  fixed  expenses  per 
kilowatt  per  year  of  the  power  company.  There  are  many  such 
situations  in  the  west,  where  the  installations  are  of  large  size, 
and  they  are  giving  great  satisfaction;  for  not  only  is  there  the 
saving  in  yearly  power  cost,  but  the  advantage  of  absolute  con- 
tinuity of  service,  which  in  many  cases  is  of  enough  importance 
to  warrant  the  installation.  Particular  reference  may  be  made 
to  the  batteries  installed  by  customers  of  the  Commonwealth  Edi- 
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son  Co.  in  Chicago,  based  on  the  foregoing  system,  and  amounting 
to  many  thousands  of  kilowatts  capacity. 

In  connection  with  this  idea  of  continuity  of  service  is  a 
greatly  increasing  field  for  the  storage  battery.  As  the  big  supply 
stations  grow,  and  their  load  factor  improves,  due  to  the  develop- 
ment of  the  motor  load,  there  has  come  a  demand  for  constant 
service,  particularly  in  the  business  districts  of  the  large  cities. 
How  well  the  central  stations  fulfill  their  duties  to  their  customers 
is  known  to  but  few — as  most  of  their  troubles  are  kept  quietly 
to  themselves.  But  aside  from  mechanical  and  electrical  troubles, 
weather  conditions  worry  the  central  station  man.  A  recent  snow 
storm  with  darkening  clouds,  caused  an  increase  in  load  in  New 
York  City  of  from  100,000  horsepower  to   166,000  horsepower  in 
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10  minutes.  Under  conditions  such  as  this,  there  is  not  time 
enough  to  get  additional  units  ready  for  service  at  the  power 
houses.  Therefore,  to  provide  for  such  cases  batteries  called 
emergency  batteries  are  installed.  These  are  of  quite  recent  use. 
Their  function  is  to  take  care  of  the  unusual,  and  they  are  not 
supposed  to  be  used  in  normal  operation.  In  fact,  they  are  con- 
sidered a  good  investment  if  they  are  never  used.  For  this  work 
a  new  type  of  plate,  a  pasted  one,  has  been  developed.  This 
gives  greatly  increased  capacity  over  plates  used  heretofore  for 
the  same  space,  allowing  a  great  saving  in  first  cost  of  buildings, 
which  is  of  prime  importance,  when  it  is  considered  that  they  are 
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First  Floor  Battery  Room,  Indiana   Steel  Co.,  Gary,   Ind. 
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usually  installed  in  those  parts  of  cities  where  real  estate  is  most 
expensive. 

As  to  their  size,  one  was  recently  installed  in  New  York,  in 
which  each  cell  weighed  6,900  pounds.  The  latest  of  these  being 
installed  in  Baltimore  consists  of  152  cells,  each  of  133  plates 
with  four  13-point  end  cell  switches.  Its  capacity  is  17,300 
amperes  for  half  an  hour,  or  expressed  otherwise,  this  battery 
would  light  240,000  25-watt  Mazda  lamps  for  20  minutes.  The 
tanks  are  approximately  4x2x6  feet,  the  total  weight  of  the 
battery  being   1,079,200  pounds. 

Batteries  of  this  type  represent  the  latest  development  of 
storage  battery  engineering.  To  compare  the  old  with  the  new, 
in  the  same  tanks,  the  six-minute  rating  of  the  old  and  new  plates 
is  approximately  as  14,440  amperes  to  36,000  amperes.  With 
the  new  plates  has  been  developed  high  speed  magnetic  controlled 
end  cell  switches,  which  operate  at  very  high  current  densities, 
with  a  maximum  of  40,000  amperes,  and  driven  at  such  speed 
that  the  brushes  can  go  from  one  end  of  the  switch  to  the  other 
in  a  few  seconds.  In  fact,  there  are  many  station  operators  who 
have  thought  for  months  that  the  switches  were  too  fast. 

Modern  design  is  to  bar  from  the  battery  room  all  wood,  and 
to  this  end,  the  latest  innovation  is  to  mount  the  battery  tanks  on 
high  porcelain  insulators  about  8  inches  in  diameter  and  a  foot 
high.  On  this  is  placed  an  oil  insulator,  which  ends  troubles 
with  battery  tanks,  due  to  electrolysis  through  grounded  tank 
linings.  Wooden  tanks  are  still  used,  but  constant  effort  is  being 
made  to  replace  them  with  earthenware,  and  some  day  this,  too, 
may  be  adopted  in  one  form  or  another. 

In  the  handling  of  heavy  currents,  such  as  are  used  in  emerg- 
ency work,  and  in  batteries  in  steel  mills,  it  has  been  found  neces- 
sary to  pay  particular  attention  to  the  holding  of  the  copper  con- 
ductors firmly  in  place.  Standard  practice  is  to  bolt  them  firmly 
top  and  bottom,  and  to  securely  anchor  everything.  It  is  no  easy 
problem  to  hold  two  parallel  pieces  of  copper,  a  few  inches  apart, 
in  position  when  they  are  carrying  currents  of  some  40,000  am- 
peres in  opposite  directions,  but  it  is  done.  It  is  this  constant 
development  of  details  which  has  made  the  storage  battery  the 
widely  used  piece  of  apparatus  it  has  become. 

It  scarcely  seems  right  to  talk  of  using  storage  batteries  on 
alternating  current  systems,  but  this  is  one  of  the  greatest  fields, 
especially  in  lines  of  heavy  work.  Where  alternating  current  is 
used  for  distributing  energy  only,  the  problem  is  not  very  difficult. 
Such  systems  usually  convert  alternating  current  into  direct  cur- 
rent for  use,  and  the  battery  is  installed  on  the  direct  current  side. 
There  are  very  many  methods  by  which  this  may  be  handled, 
usually  through  a  rotary  connector  with  either  a  direct  or  alter- 
nating current  booster  in  series.  At  the  well  known  installation 
of  the  Indiana  Steel  Co.,  at  Gary,  Ind.,  this  is  effected  by  means 
of  a  "split  phase"  rotary,  which  is  a  self-contained  unit,  to  which 
the  battery  is  connected  on  one  side,  and  the  alternating  current 
supply  to  the  other.  By  a  special  exciter  connected  to  the  gen- 
erator leads  through   series  transformers,  the  direct  current  volt- 
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age  of  the  rotary  is  varied  so  that  the  fluctuations  of  the  load  are 
taken  by  the  battery  through  the  converter.  This  plant  is  an 
enormous  one.  With  half  the  battery  installed,  discharges  of 
25,000  amperes  are  taken  care  of  at  200  volts,  though  this  is 
greater  than  the  capacity  of  the  rotaries  used,  which  are  of  2,000 
kilowatts,  though  they  can  handle  a  momentary  overload  well  up 
to  4,000  kilowatts.  The  success  of  the  Gary  generating  plant  and 
battery  installation  deserves  a  tribute  to  the  engineering  skill  and 
courage,  which  has  been  used  from  its  inception. 
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Some  Recent  Improvements  in  Electric 
Motor  Control 


By  Claiborne  Pirtle 


Switching   Devices. 


Any  electrical  control  system  must  be  based  fundamentally  on 
one  or  niore  forms  of  switching  devices.  The  simplest  switching 
device  is  touching  and  separating  the  wire  conducting  the  current 
of  electricity  and  examples  of  this  simple  form  are  the  telegraph 
key  and  the  telephone  switch,  operated  by  taking  down  and  hanging 
up  the  receiver.  For  any  except  very  small  currents  a  larger  con- 
tact area  must  be  provided,  so  the  knife  blade  switch  and  sliding 
contact  were  devised  when  the  advent  of  the  dynamo  made  avail- 
able larger  currents  at  higher  voltages  than  had  been  obtainable 
from  batteries. 

The  electric  current  was  first  used  solely  for  lighting  and 
these  devices  did  very  well  for  the  relatively  small  currents  at  the 
relatively  low  voltages  then  used.  When  it  was  found  that  the 
dynamo  used  to  convert  the  mechanical  energy  of  a  prime  mover, 
such  as  the  steam  engine,  into  electrical  energy  could  also  be  used 
to  reconvert  this  electrical  energy  into  mechanical  energy  the  elec- 
tric motor  came  into  existence.  For  the  small  sizes  first  produced 
the  simple  knife  switch  and  sliding  contact  were  successful  and 
are  still  used,  although  not  entirely  satisfactory. 

Remote  control  or  control  of  electric  motors  from  a  distance 
was  first  proposed  for  elevator  service  and  was  effected  through 
the  agency  of  magnetically  operated  switches.  Eickmeyer,  in  1891, 
devised  such  a  system  and  his  work  was  followed  by  Sprague, 
who  perfected  a  system  during  the  years  1894  to  1896,  and  a 
great  many  of  these  Sprague  Elevator  Magnetic  Controllers  are 
still  in  operation.  About  this  time,  1896,  the  dirt  and  noise  of  the 
steam  engines  pulling  the  trains  on  the  elevated  roads  in  Boston, 
Chicago  and  New  York  caused  a  demand  for  electric  operation  of 
these  trains.  Single  street  cars  electrically  driven  had  become 
the  standard  and  displaced  not  only  the  horse-drawn  car,  but  also 
the  cable  roads.  To  adapt  the  electrically-driven  street  car  for 
operation  in  trains  to  meet  this  demand,  some  system  of  remote 
multiple  control  was  necessary,  because  every  car  or  every  other 
car  had  to  be  motor-driven  and  all  had  to  be  controlled  from>  the 
head  end  of  the  first  car.  Sprague  developed  such  a  system  and 
the  trains  on  the  Boston  Elevated  were  operated  electrically  in 
1898.  Since  then  automatic  magnetic  switch  control  has  been 
very  widely  applied.  It  is  being  predicted  that  automatic  magnetic 
switch  control  will  become  the  standard  and  will  eventually  dis- 
place all  other  forms. 
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Advantages  of  Automatic  Starting. 

Just  as  steam  must  be  admitted  slowly  to  an  engine  starting 
cold  and  from  rest  so  the  current  input  to  a  motor  must  be  limited 
during  acceleration.  This  is  accomplished  by  inserting  resistance 
in  the  motor  circuit  and  gradually  cutting  it  out  as  the  motor 
comes  up  to  speed.  This  resistance  is  designed  to  remain  in 
circuit  only  during  the  short  time  of  starting.  If  the  resistance 
is  cut  out  too  slowly,  it  overheats  and  is  liable  to  burn  out.  If  cut 
out  too  fast,  too  much  current  is  allowed  to  flow  through  the 
motor  with  consequent  electrical  and  mechanical  strains  and  dan- 
ger of  burn-out,  grounding,  and  commutator  trouble.  With  the 
ordinary  manually  operated  starter  the  rapidity  with  which  the 
resistance  is  cut  out  is  subject  to  the  personal  equation  of  the 
operator  and  is  not  done  properly  except  by  chance.  Operators 
are  almost  invariably  either  too  careful  and  slow  and  so  overheat 
the  starting  resistance,  or  are  too  impetuous  and  fast  and  over- 
load the  motor.  The  motor  should  be  accelerated  reliably  with  a 
fixed  maximum  current  input,  this  maximum  current  input  being 
fixed  by  the  electrical  engineer  and  not  by  a  careless  or  ignorant 
operator.      This  gives  the  following  valuable  results : 

First. — Motor  may  be  invariably  brought  up  to  speed  with 
maximum  safe  acceleration,  thus  assisting  in  maintaining  the  out- 
put at  a  maximum. 

Second. — Delays  due  to  both  electrical  and  mechanical  break- 
downs are  greatly  reduced  by  limiting  the  current  during  accelera- 
tion and  reversal.  This,  of  course,  has  an  important  bearing  on 
both  output  and  maintenance  cost. 

Third. — Acceleration  of  the  motor  by  means  of  a  controller, 
which  automatically  interprets  operating  conditions,  leaves  it  to 
the  operator  to  simply  push  or  pull  a  lever,  or  push  a  button,  as 
far  as  starting  or  stopping  is  concerned.  Consequently,  less 
skilled  workmen  may  be  employed  or  where  skilled  workmen  are 
necessary  they  can  devote  all  their  skill  to  their  work.  The  com- 
bination workman  and  motorman  becomes  a  workman  pure  and 
simple. 

There  have  been  a  number  of  automatic  acceleration  control 
systems  that  were  successful  in  relieving  the  workman  of  this 
responsibility  and  effecting  the  results  above  mentioned,  but  none 
of  them  have  been  entirely  satisfactory.  Some  merely  limit  by  a 
dashpot  the  time  of  cutting  out  the  resistance  and  act  irrespective 
of  the  load  on  the  motor  and  these  are  little  better  than  manual 
control  except  that  they  provide  for  operation  from  a  distance. 
(3thers  will  not  operate  if  the  voltage  is  too  low  or  too  high,  but 
the  great  disadvantage  of  all  of  them  is  complication. 

The  diagram  of  connections  of  such  a  controller  is  a  mass 
of  lines,  including  main  circuits  and  shunt  circuits,  main  contacts, 
auxiliary  contacts,  relays,  and  from  six  to  a  dozen  or  more  inter- 
locks or  control  circuit  contacts  or  butterflies.  Such  a  wiring 
diagram  cannot  be  understood  by  an  ordinary  "monkey  wrench 
electrician".  Special  knowledge  gained  only  by  special  training 
Or  extended  experience  is  necessary. 
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Excessive  delays  are  experienced  by  the  short-circuiting  of 
control  circuit  wires  and  contacts  or  operating  coils  subjected  to 
full  line  voltage,  wound  with  wire  as  fine  as  a  hair. 

Knowledge  and  skill  are  required  to  quickly  diagnose  the 
trouble  with  such  a  magnetic  controller  and  make  the  necessary 
adjustments  or  repairs. 

Therefore,  the  greatest  improvement  which  can  be  made  in 
magnetic  controllers  lies  in  the  direction  of  the  elimination  of 
complication. 

The  Improved  System. 

The  company  with  which  I  am  connected,  as  a  result  of  long 
continued  research  and  experiment,  is  able  to  announce  the  per- 
fection and  standardization  of  magnetic  controllers  and  motor 
starters  "reduced  to  their  lowest  terms". 

In  this  simplified  magnetic  controller  there  are  no  control 
circuit  contacts  or  butterflies  carried  by  the  reversing  switches  or 
the  resistance  switches. 

The  switches  are  caused  to  close  in  an  orderly  sequence  (that 
is,  the  second  switch  cannot  close  until  the  first  switch  is  closed, 
the  third  switch  cannot  close  until  the  second  switch  is  closed, 
and  so  on)  ;  this  result  being  obtained  without  the  use  of  control 
circuit  contacts  or  butterflies. 

The  main  switch  or  reversing  switches  are  interlocked  against 
failure  of  any  of  the  resistance  switches  to  open,  thereby  prevent- 
ing application  of  current  till  all  of  the  accelerating  resistance  is 
in  circuit  with  the  motor,  this  interlock  being  also  obtained  without 
the  use  of  control  circuit  contacts  or  butterflies. 

The  operating  coils  of  the  resistance  switches  instead  of  being 
wound  with  wire  as  fine  as  thread  are  wound  with  wire  or  copper 
strap  as  heavy  as  the  series  windings  of  the  motor,  and  instead 
of  being  subjected  to  full  line  voltage  of,  say,  220  volts,  each  coil 
is  subjected  to  an  insulation  strain  of  a  fraction  of  a  volt. 

The  operating  windings  of  the  resistance  switches  are  in  fact 
in  series  with  the  motor,  and  the  characteristics  of  the  resistance 
switches  are  such  that  the  switches  remain  closed  till  the  motor 
current  has  been  reduced  to  practically  zero.  There  is,  therefore, 
no  arcing  at  the  contacts  of  the  resistance  switches,  and  no  need 
of   blow-outs    or    other    arc-rupturing    devices    on    these    switches. 

Each  resistance  switch,  in  addition  to  its  functions  as  a  switch, 
embodies  the  functions  of  a  series  relay,  by  means  of  which  the 
maximum  accelerating  current  may  be  fixed  at  will.  Automatic 
current  limit  acceleration  is,  therefore,  obtained  without  the  use 
of  one  or  more  separate  relays  responsive  to  the  motor  current. 

Plate  No.  1  is  a  cross  section  of  one  of  these  new  series 
wound  switches.  This  switch  comprises  a  "C"-shaped  magnetic 
frame  A,  which  is  provided  at  its  upper  arm  with  a  movable  plug 
B,  and  at  its  lower  arm  with  an  adjustable  annular  plug  C.  E 
is  the  plunger,  which  is  provided  at  its  lower  end  with  a  steel 
extension  F,  and  at  its  upper  end  with  a  contact  maker  G,  which 
is  adapted  when  the  switch  closes  to  make  contact  with  a  pair  of 


laminated  brushes  H.      I   is  the   magnetizing   winding   adapted   to 
be  connected  in  series  with  the  motor  to  be  controlled. 

A  New  and  Remarkable  Switching  Device. 
This    switch    possesses    the    following    remarkable    character- 


istics 


If  a  current  lower  than  a  certain  predetermined  value  is 
passed  through  the  winding,  the  switch  will  close  and  will  be  held 
closed  till  the  current  is  reduced  to  practically  zero. 
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TYPE     A    SWITCH 


Plate    1 


If  a  curent  above  a  certain  critical  value  be  sent  through  the 
winding,  the  plunger  of  the  switch  instead  of  going  up  and  closing 
the  switch,  actually  tends  to  go  the  other  way.  In  other  words, 
the  switch  is  held  open  until  the  current  has  been  reduced  (by 
the  speeding  up  of  the  motor)  to  the  predetermined  accelerating 
value,  and  when  this  value  is  reached,  the  switch  will  automatically 
close. 

The  value  of  current  below  which  the  switch  will  close  and 
above  which  the  switch  will  lock  out  or  refuse  to  close  is  adjust- 
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able  through  a  wide  range.  Each  switch  is  therefore  a  combined 
switch  and  series  relay,  the  combination  making  a  very  simple 
and  sturdy  unit  with  a  very  wide  range  of  application  to  electric 
motor  control. 

The  curves,  plate  No.  2,  show  the  operating  characteristics 
of  one  of  these  switches.  The  abscissas  of  these  curves  represent 
air  gaps  between  the  lower  end  of  the  plunger  and  the  upper  end 
of  the  adjustable  plug  in  fractions  of  an  inch.  The  ordinates  of 
these  curves  represent  ampere  turns  in  the  winding.  If  the  wind- 
ing had  but  one  turn,  the  scale  would  read  amperes. 
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Plate   2 


Curve  A  shows  the  minimum  ampere  turns  at  which  the 
switch  will  close.  You  will  observe  that  this  curve  is  substantially 
a  horizontal  line  through  the  entire  range  of  adjustment,  so  that 
the  minimum  current  at  which  the  switch  will  close  remains  sub- 
stantially constant. 

Curve  B  is  the  operating  or  closing  curve. 

The  switch  will  close  at  any  value  of  current  between  the 
curves  A  and  B  for  the  corresponding  adjustment.  If  at  any 
point  in  the  range  of  adjustment  the  motor  current  is  greater  than 
the  ordinate  of  the  curve  B   indicates,  the  switch  will  not   close. 
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but  will  lock  out  till  the  current  has  dropped  to  the  value  shown 
by  the  curve  at  any  point. 

Explanation  of  Operation. 

Now  as  to  just  how  and  why  this  switch  operates  in  the  way 
it  does,  we  will  disregard  fine  spun  theory  and  review  the  matter 
from  the  standpoint  of  applied  engineering,  and  from  this  stand- 
point an  explanation,  which  will  answer  the  purpose,  can  be  given. 

Referring  to  the  cross  section  of  the  switch,  you  will  see  that- 
the  operating  plunger  lies  between  two  poles — one  the  plug  in  the 
upper  arm  of  the  frame,  and  the  other  the  annular  face  of  the 
adjustable  plug  in  the  lower  arm  of  the  frame.  The  lower  end 
of  the  plunger  is  provided  with  an  extension  passing  into  the 
lower  plug.  Considering  the  path  of  the  magnetic  flux  through 
the  magnetic  circuit  of  the  switch  practically  all  of  the  flux  set 
up  will  pass  out  of  the  upper  end  of  the  plunger  in  a  direction 
at  right  angles  to  its  upper  face.  As  you  very  well  know,  this 
flux  will  set  up  an  upward  pull  on  the  plunger  tending  to  lift  the 
plunger  and  close  the  switch,  and  the  amount  of  this  pull  will  be 
proportional  to  the  square  of  the  flux  density. 

Looking  now  at  the  lower  end  of  the  plunger,  it  is  seen  that 
the  magnetic  flux  can  enter  it  by  two  paths.  One  of  these  paths 
is  from  the  frame  and  into  the  extension  of  the  plunger.  Most 
of  the  flux  through  this  path  enters  the  plunger  horizontally  and 
hence  it  produces  little  magnetic  pull  in  a  vertical  direction.  The 
other  path  of  the  flux  is  directly  into  the  lower  end  of  the  body 
of  the  plunger  through  the  shoulder  next  to  the  extension.  The 
direction  of  this  flux  is  substantially  vertical  and  therefore  pro- 
duces a  magnetic  pull  tending  to  move  the  plunger  downward. 
The  plunger  is  then  subjected  to  two  opposing  magnetic  pulls. 
Considering  again  the  lower  end  of  the  plunger,  as  mentioned 
before,  the  flux  enters  it  through  two  paths,  and,  of  course,  the 
flux  divides  in  inverse  ratio  to  the  reluctances  of  these  paths. 
When  the  magnetizing  force  is  high  (in  other  words,  when  the 
current  in  the  winding  of  the  switch  is  high),  the  extension  of 
the  plunger  is  practically  saturated  and  therefore  oft'ers  a  high 
reluctance,  and  consequently  a  larger  proportion  of  magnetic  lines 
pass  through  the  air  gap  vertically  and  into  the  lower  shoulder 
of  the  plunger,  and  the  downward  pull  on  the  plunger  is  high. 

When  the  current  in  the  winding  of  the  switch  is  lower,  a 
larger  proportion  of  the  flux  passes  through  the  extension  and  a 
less  proportion  passes  vertically  into  the  lower  shoulder  of  the 
plunger.     Consequently,  the  downward  pull  on  the  plunger  is  less. 

If  the  current  in  the  winding  of  the  switch  is  above  a  certain 
value,  the  downward  pull  on  the  plunger  plus  the  weight  of  the 
moving  part  of  the  switch  is  greater  than  the  upward  pull,  due 
to  the  flux  passing  out  of  the  upper  end  of  the  plunger,  and  the 
switch  cannot  close.  With  current  lower  than  this,  the  upward 
pull  is  greater  than  the  downward  pull  plus  the  weight  of  the 
moving  parts  and  the  switch  will  close. 

The  critical  value  of  current  below^  which  the  switch  closes 
and  above  which   the   switch   will   lock  out  or   refuse   to   close   is 
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adjusted  by  adjusting  the  lower  air  gap  by  means  of  the  adjust- 
able plug. 

It  must  be  apparent  now  that  this  switch  is  a  self-contained 
switch  and  series  relay. 

Diagram  of  Connections. 

Plate  No.  3  shows  the  diagram  of  a  simple  starter  connected 
with  a  shunt  motor.  The  knife  switch  closes  the  motor  circuit 
through  the  coil  of  the  first  resistance  switch  Si  and  the  resultant 
current  flow  being  greater  than  the  value  for  which  the  switch  is 
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adjusted,  the  switch  will  lock  out  and  will  not  close  until  the 
current  has  been  reduced  by  the  speeding  up  of  the  motor.  When 
switch  Si  closes,  it  closes  the  circuit  through  the  winding  of 
switch  S2  and  cuts  out  of  circuit  resistance  Ri,  which  permits  a 
current  flow  sufficient  to  lock  out  switch  S2.  Switch  S2  will  then 
not  close  till  the  current  has  fallen  again,  due  to  the  further  speed- 
ing up  of  the  motor.  Finally  switch  S2  closes,  cutting  out  all  of 
the  starting  resistance,  and  short-circuiting  the  operating  coils  of 
both  itself  and  switch  Si.  Also  when  switch  S2  closes,  its  little 
holding  coil  is  energized,  which  prevents  it  from  opening  and 
both   tlie   operating   coils   being   short-circuited,    switch   Si   opens. 
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When  it  is  desired  to  stop  the  motor,  the  knife  switch  is  opened. 
It  will  be  observed  that  since  switch  Si  locks  out  when  the  knife 
switch  is  closed,  the  number  of  acceleration  points  is  one  more 
than  the  number  of  magnetic  switches  used. 

In  the  case  of  plate  No.  3,  the  number  of  switches  is  two 
and  the  number  of  acceleration  points  three.  It  is  evident  that 
more  automatic  acceleration  points  can  be  obtained  by  adding 
more  switches. 

In  manually  operated  starters,  the  resistance  is  divided  into  a 
considerable  number  of  steps,  not  because  they  are  necessary  as 
acceleration  points,  but  to  keep  the  voltage  drop  between  steps 
low  enough  to  prevent  destructive  arcing. 

Each  size  E.  C.  &  M.  automatic  motor  starter  is  furnished 
so  that  a  choice  can  be  made  in  the  number  of  acceleration  points 
dependent  upon  the  service.  A  small  motor  does  not  require  as 
many  acceleration  points  as  a  large  motor  and  a  motor  driving 
a  load  having  little  inertia  does  not  require  in  starting  as  many 
acceleration  points  as  the  same  size  motor  in  starting  a  load  hav- 
ing large  inertia,  such  as  a  punch  press  with  heavy  flywheel. 

Advant.a.ges  of  the  New  System. 

E.  C.  &  M.  automatic  motor  starters  start  the  motor  always 
in  the  shortest  possible  time  consistent  with  the  load  and  its  char- 
acter. For  instance,  a  10-horsepower,  three-switch  starter  would 
start  a  punch  press  with  heavy  flywheel  in  10  to  12  seconds  and 
would  start  a  motor  belted  to  a  machine  tool  with  the  clutch  out 
in  about  one  second.  The  operator  needs  only  to  open  and  close 
the  knife  switch  and  the  starter  will  do  the  rest,  always  protecting 
the  motor  by  limiting  the  current  input  during  starting  and  timing 
the  period  of  starting  to  the  load  and  its  character.  It  is  also 
evident  from  plate  No.  3  that  the  knife  switch  can  be  put  at  any 
convenient  point  so  that  the  operator  does  not  have  to  go  to  the 
starter  to  start  and  stop  the  motor. 

Remote  Control. 

Plate  No.  4  shows  an  E.  C.  &  M.  automatic  motor  starter 
arranged  with  circuit  breaker  and  remote  control  features.  The 
remote  control  can  be  effected  either  by  push  buttons,  as  shown, 
or  by  float  switch  or  pressure  gage.  In  this  case,  three  accelera- 
tion switches  are  shown  and  it  w'ill  be  seen  that  when  switch  S^ 
closes,  current  is  cut  out  of  the  operating  coils  of  all  three  switches 
and  switches  Si  and  S2  open.  In  this  form  of  starter  the  closure 
of  the  knife  switch  does  not  start  the  motor,  but  simply  closes  the 
circuit  from  positive  through  the  normally  closed  opening  button, 
through  the  preventive  resistance,  through  the  contacts  of  the  over- 
load coil,  through  the  operating  coil  of  the  shunt  wound  circuit 
breaker  switch  to  negative.  The  preventive  resistance  does  not 
allow  a  current  flow  sufficient  to  close  the  shunt  wound  circuit 
breaker  switch,  but  only  enough  to  hold  it  in  the  closed  position. 

Now,  if  the  normally  open  reset  button  is  pushed,  the  pre- 
ventive resistance  is  momentarily  short-circuited  and  full  line 
voltage  applied  to  the  shunt  wound  operating  coil   of  the  circuit 
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breaker  switch,  which  closes  instantly.  When  the  pressure  .^ 
taken  off  of  the  reset  button,  sufficient  current  flows  through  the 
opening  button  and  preventive  resistance  unit  to  maintain  the 
circuit  breaker  switch  in  the  closed  position,  but  when  the  opening 
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button  is  pushed,  this  current  is  interrupted  and  the  circuit  breaker 
switch  opens  instantly. 

It  is  evident  that  as  many  opening  and  reset  buttons  as  desired 
may  be  used,  the  reset  buttons  being  connected  in  parallel  and  the 
opening  buttons  in  series.  If  the  current  at  any  time  rises  above 
the  value  for  which  the  overload  coil  is  adjusted,  its  plunger  will 
rise  and  interrupt  the  current  through  the  operating  coil  of  the 
circuit  breaker  switch,  which  will  open  instantly. 

To  start  the  motor  again,  it  will  then  be  necessary  to  push  the 
reset  button.  When  the  circuit  breaker  switch  closes,  the  motor 
is  started  and  accelerated,  as  previously  described,  upon  closure  of 
the  knife  switch  in  plate  No.  3. 

The  type  ^  shunt  switch  is  a  fit  companion  to  the  type  A 
series  switch  since  it  is  simpler  and  more  efficient  than  other  shunt 
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operated  magnetic  switches.  Plate  No.  5  is  a  cross  section  of 
this  switch,  which  is  composed  of  only  a  few  sturdy  simple  parts 
easily  assembled  and  disassembled.  The  path  of  the  current 
through  this  switch  is  from  stud  A  through  blowout  coil  B, 
through  contacts  C  and  D,  through  arm  G,  through  frame  A^,  and 
out  stud  L.  K  is  the  shunt  wound  operating  coil,  mounted  on  the 
fixed  core  /,  there  being  no  sliding  core  or  plunger  to  wear  and 
stick.  The  main  arm  G  rotates  about  the  pin  M,  and  the  auxiliary 
arm  F  about  the  pin  H,  the  spring  E  pressing  arm  F  forward 
against  the  stop  when  the  switch  is  open.  In  closing,  the  contacts 
C  and  D  come  together  with  a  rolling  motion,  contact  being  made 
first  on  the  tips  and  finally  on  the  heels,  as  seen  in  plate  No.  5, 
which  shows  the  switch  in  the   closed  position.      In  opening,  the 
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reverse  of  this  action  takes  place,  so  that  the  arc  is  always  taken 
by  the  tips  of  the  contacts,  leaving-  the  heels  clean  and  bright  for 
carrymg  the  current.  It  will  be  seen  that  the  points  M,  H  and 
C,  D  form  almost  a  closed  toggle  when  the  switch  is  closed  and 
this  toggle  multiplies  many  times  the  15  pounds  push  of  spring  E 
to  effectively  separate  contacts  C  and  D,  if  there  is  anv  tendency 
to  stick  or  weld  in  the  closed  position,  due  to  heavy  overloads. 
The   contacts   of   type   6^   switches,    which   are   the   only   parts 
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requiring  regular  renewal,  show  remarkably  long  life  even  in  very 
severe  duty.  At  the  plant  of  the  Lackawanna  Steel  Co.,  the  con- 
tacts of  these  switches  on  a  motor  driving  a  reversing-  mill  table 
get  6,000  to  6,500  operations  every  day,  including  Sundays,  at  full 
or  more  than  full  load  and  are  renewed  once  every  five  months. 
This  is  at  least  900,000  breaks  at  full  load  before  renewal  of  con- 
tacts. The  ordinary  circuit  breaker,  wath  which  you  are  all  no 
doubt  familiar,  must  be  practically  rebuilt  after  5,000  to  6,000 
operations  and  the  carbons  will  last  for  only  a  very  few  hundred 
operations.  The  plug  /,  which  fits  loosely  in  arm  G,  serves  to 
cushion  and  prevent  hammer  blow  both  in  the  closing  and  open- 
ing of  the  switch,  and  accounts,  to  a  great  extent,  not  only  for  the 
long  life  of  the  contacts,  but  also  for  the  practically  neglectable 
depreciation  of  the  switch  as  a  whole. 

Commercial  Forms  of  the  New  Type  Starters. 

Plate   No.   6  shows   the   simplest   form  of   E.    C.   &   M.   auto- 
matic motor   starter,   called   the    form  A,   and   when   connected   to 
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the  supply  mains  through  a  knife  switch,  this  starter  will  function, 
as  described  in  connection  with  wiring  diagram,  shown  in  plate 
No.  3. 

Plate  No.  7  shows  the  form  ASBK,  which  provides  automatic 
acceleration  overload  circuit  breaker,  remote  control,  no  voltage 
release  and  service  knife  switch  with  enclosed  fuses. 

This  starter  functions  in  accordance  with  wiring  diagram, 
shown  in  Plate  No.  4.  These  starters  are  also  furnished  in  vari- 
ous forms  simpler  than  the  form  ASBK,  w^here  one  or  more  of 
the  features  obtained  with  this  form  are  not  required. 

Performance  Curves. 

Plate  No.  8  is  a  curve  taken  on  a  curve  drawing  ammeter, 
showing  the  action  of  the  form  A  starter  on  wood  planer.      This 
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starter  had  only  a  single  type  A  switch,  which  with  the  knife 
switch  gave  a  two-point  acceleration,  as  is  clearly  shown  in  the 
curve.  This  motor,  of  course,  starts  under  light  load  so  that  the 
accelerating  time  is  short,  only  two  and  one-half  seconds,  and 
the  one  switch  starter  gives  a  good  acceleration  curve. 

Plate  Xo.  9  shows  the  curve  of  approximately  the  same  size 
motor  starting  a  line  shaft.  This  starter  had  two  type  A  switches, 
giving  a  three-point  acceleration.  The  minimum  load  on  this 
motor  is  three  quarters  full  load  and  in  starting  combined  inertia 
and  friction  is  met  so  that  the  acceleration  time  is  ten  seconds. 
A  one-switch  starter  would  not  have  given  satisfactory  acceleration 
on  this  character  of  load. 

Plate  Xo.  10  shows  the  same  size  motor  and  one-switch  starter 
starting  a  circular  saw.  This  is  another  case  of  starting  under 
light  load  and  the  one  switch  starter  meets  the  conditions  nicely. 
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Plate  X'o.  11  shows  a  three-switch  starter,  giving  four  points 
of  acceleration,  starting  a  punch  press  with  a  very  heavy  flywheel 
giving  a  high  inertia  load  in  starting.  The  accelerating  time  in 
this  case  is  nine  seconds  and  the  four  points  of  acceleration  are 
none  too  many.  This  starter  replaced  a  manually  operated  starter 
of  the  one-minute  type.  Even  with  this  special  manually  operated 
starter  the  flywheel  was  so  heavy  in  proportion  to  the  size  of  the 
motor  that  it  took  two  men  to  get  the  press  going.  One  would 
handle  the  starting  box  and  the  other  would  help  by  turning  the 
flywheel  as  fast  and  as  long  as  he  could  by  hand.  The  electrician 
was  the  only  one  who  could  successfully  handle  the  starting  box. 
With  the  E.  C.  &  M.  automatic  starter  no  hand  help  is  required 
and  any  one  can  start  the  press ;  any  workman  wishing  to  use  the 
press  simply  closes  the  knife  switch  to  start  and  opens  it  to  stop. 
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Heavy  Duty  Apparatus. 

Plate  No.  12  shows  a  lOO-horsepower  reversing  controller 
composed  of  type  6"  switches  for  reversing,  and  type  A  switches 
for  acceleration.  This  controller  is  designed  for  the  severe  duty 
of  steel  mill  roller  table  operation,  where  the  motor  under  full 
load  must  be  reversed  from  full  speed  in  one  direction  to  full 
speed  in  the  other  direction  in  from  three  to  five  seconds,  and  the 
switches  are  required  to  operate  5,000  to  7,000  times  a  day.  This 
controller  absolutely  limits  the  current  input  to  the  motor  at  all 
times  to  a  predetermined  amount  and  protects  not  only  the  motor 
but  itself  against  the  carelessness  or  ignorance  of  operators.  Steel 
mill  operators  are  paid  on  a  tonnage  basis  and  will  get  all  the 
speed  they  can  out  of  machines  irrespective  of  how  badly  they 
mistreat  the  machine  or  its  driving  motor.  Therefore,  controllers 
in  this  work  must  not  only  be  fool-proof,  but  must  be  proof 
against  intelligent  mistreatment. 

In  all  the  plates  shown,  you  will  have  noted  the  extreme 
simplicity  and  absence  of  small  delicate  parts,  and  it  is  this  sim- 
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plicitv  as  well  as  the  superior  operation  of  this  new  type  of  con- 
trol that  is  causing  the  rapid  adoption  of  it  by  users  who  are 
familiar  with  other  types. 

Protective  Features. 

If  a  direct  current,  shunt  or  compound  wound  motor  loses  its 
field,  the  motor  will  run  away  unless  the  circuit  breaker  opens 
and  many  wrecks  have  occurred  through  the  breaking  of  the  shunt 
field.  The  shunt  field  circuit  may  break  while  the  motor  is  idle 
or  while  it  is  accelerating,  or  while  it  is  running,  and  a  competent 
shunt  field  protection  should  cut  the  motor  off  the  line  no  matter 
when  the  shunt  field  opens.  A  unit  piece  of  apparatus  like  the 
pressure  regulator  shown  in  plate  No.  20  is  furnished  for  shunt 
field  protection.  It  is  composed  of  a  type  6"  switch,  a  little  relay, 
and  a  push  button,  and  will  instantly  cut  the  power  off  the  motor 
if  the  shunt  field  is  broken  during  acceleration  or  while  running. 
If  the  shunt  field  is  broken  while  the  motor  is  idle,  with  this  pro- 
tective device  it  will  be  impossible  to  start,  since  the  type  S  switch 
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will  not  close.  This  device  is,  of  course,  applicable  to  any  starter, 
whether  manual  or  automatic,  and  irrespective  of  by  whom  made. 
When  the  starters  are  furnished  with  shunt  field  rheostat  for 
adjusting  the  speed  of  a  motor  by  shunt  field  control,  an  elec- 
trical interlock  is  furnished  so  that  the  motor  cannot  be  started 
with  a  weak  field.  The  field  rheostat  must  be  brought  to  the  off 
position,  insuring  full  field  strength  before  the  E.  C.  &  M.  auto- 
matic motor  will  operate. 

Dynamic  Braking. 

The  operation  of  many  motor-driven  machines  requires  that 
the  motor  and  machine  be  brought  to  a  prompt  stop  when  power 
is  cut  off.  The  time  of  drifting  to  a  stop  could  not  be  tolerated. 
Stopping  buttons  are  often  put  about  a  motor-driven  machine  or 
along  a  motor-driven  line  shaft  with  the  idea  of  promptly  cutting 
off  the  power  in  case  of  accident,  and  thus  save  the  life  and  limb 
of  employes.  The  motor  armature,  however,  has  considerable 
inertia  and  also  the  driven  machine  often  has,  so  that  a  prompt 
stop  is  not  effected  and  men  are  crippled  and  killed  by  the  moving 
machinery  even  after  the  power  has  been  cut  off.  The  motor 
itself  may  be  used  as  a  most  effective  brake  w^hen  controlled  by  an 
E.  C.  &  M.  automatic  starter,  equipped  with  the  dynamic  braking 
feature. 

The  same  machine  used  to  convert  the  mechanical  energy  of 
a  prime  mover,  such  as  a  steam  engine,  into  electrical  energ}',  may 
be  used  to  reconvert  this  electrical  energy  into  mechanical  energy. 
In  other  words,  the  electric  generator  in  the  power  house  and  the 
motor  in  the  shop  are  in  all  essentials  the  same.  After  power  has 
been  cut  off  from  a  motor,  it  is  driven  by  its  own  momentum,  and 
the  momentum  of  the  machine  it  has  the  moment  before  been 
driving.  If  now  it  is  connected  as  a  generator  so  as  to  pump 
current  through  its  own  resistance  it  will  convert  the  mechanical 
energy  stored  up  in  the  momentum  of  the  machine  into  electrical 
energy,  which  will  be  expended  in  the  resistance,  and  this  will 
bring  the  motor  (now  a  generator)  to  a  prompt  stop.  The  type 
A  switches,  which  act  in  starting  to  automatically  accelerate  the 
motor,  act  in  stopping  by  dynamic  braking  to  automatically 
decelerate  the  motor  so  a  quick  stop  to  absolute  rest  is  the  result. 

The  E.  C.  &  M.  type  A  series  switch  being  a  rugged,  simple 
self-contained  switch  and  series  relay  improves  and  simplifies  not 
only  the  starting  of  motors,  but  also  their  control  for  almost 
any  service.  Several  eminent  engineers  have  declared  that  this 
series  switch  is  the  most  important  development  since  the  advent 
of  magnetic  switch  control.  A  number  of  the  largest  operators 
in  the  country  agree  that  this  series  switch  will  do  away  with 
90  per  cent  of  the  troubles  and  objections  to  magnetic  switch 
control. 
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Society  Notes 


ANNUAL  OUTING 

The  annual  outing  of  the  Society  was  held  Tuesday,  Sept.  12, 
as  announced  to  the  members  in  the  official  bulletin.  The  day 
could  not  have  been  more  beautiful  and  the  weather  added  much 
to  the  enjoyment  of  the  occasion.  The  Society  assembled  in  the 
Chamber  of  Commerce  and  at  1 :  30  p.  m.  started,  via  the  Lake 
Shore  Electric  railroad,  for  Lorain.  Three  special  cars  had  been 
provided  and  they  were  well  filled  with  members  and  guests  of  the 
Society.  The  actual  attendance  was  143,  which  included  numer- 
ous men  prominent  in  the  affairs  of  Cleveland,  who  were  not  mem- 
bers of  the  Society. 

Upon  arriving  at  Lorain,  the  party  divided  into  two  groups, 
one  of  which  was  to  visit  the  plant  of  the  American  Ship  Build- 
ing Co.,  and  the  other  to  inspect  a  fast  unloading  plant,  recently 
constructed  for  the  B.  &  O.  railroad  by  the  Brown  Hoisting  Ma- 
chinery Co.,  of  Cleveland.  Those  who  visited  the  ship  yard 
displayed  much  interest ;  they  were  welcomed  at  the  gate  by 
officers  of  the  plant,  who  courteously  directed  their  movements 
and  pointed  out  the  items  of  especial  interest.  An  oil  barge  was 
on  the  stocks  and  the  visitors  were  permitted  to  climb  to  the  deck 
and  obtain  a  view  of  the  interior  construction.  Mr.  Frank 
La  Marche,  of  the  American  Ship  Building  Co.,  took  a  personal 
interest  in  arranging  the  trip  to  this  plant.  At  the  B.  &  O.  un- 
loading plant,  like  courtesy  was  shown  and  the  plant  was  put 
through  the  motions  of  unloading  for  our  benefit,  although  there 
was  no  ore  at  hand  to  unload. 

After  visiting  these  plants,  the  party  united  and  continued 
the  trip  to  the  plant  of  the  Lorain  Steel  Co.  This  plant  proved 
by  far  the  most  impressive  object  to  the  engineers.  They  were 
met,  as  before,  by  guides  and  officers  of  the  company,  and  dividing 
into  small  groups,  proceeded  to  view  the  works.  They  first  went 
to  the  docks,  where  the  ore  was  being  unloaded,  thence  to  the 
blast  furnaces,  the  open-hearth,  converter  and  rolling  mills,  suc- 
cessively. The  blowing  engines  used  at  the  blast  furnaces  excited 
much  interest,  particularly  the  steam  turbine  directly  connected  to 
a  centrifugal  fan.  This  recent  installation  is  typical  of  the  prog- 
ressive spirit,  which  has  always  existed  at  Lorain.  The  plant  is 
always  up-to-date  and  there  was  much  praise  of  the  neatness  and 
order  which  everywhere  prevailed. 

The  tube  mills  proved  more  attractive,  if  such  a  thing  were 
possible,  than  anything  else  encountered  on  the  trip;  at  any  rate, 
the  members  were  so  absorbed  in  watching  the  red  hot  skelp 
being  converted  into  pipe  that  it  was  with  difficulty  the  committee 
in  charge  drew  them  away  in  time  for  the  return  cars  to  Lorain. 
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Mr.  F.  H.  BeebCj  assistant  engineer  of  the  National  Tube  Co., 
was  especially  active  in  entertaining  the  visiting  engineers. 

Arriving  at  the  Hotel  Lorain,  a  sumptuous  meal  was  found 
awaiting  the  hungry  engineers,  and  the  tube  mills  were  tem- 
porarily forgotten.  At  the  close  of  the  meal,  a  short  business 
session  was  held,  which  is  reported  in  the  minutes,  and  the  party 
started  for  Cleveland  on  schedule  time.  The  return  home  was 
without  incident  other  than  an  interested  comparison  of  notes 
and  a  general  regret  that  the  day  had  been  so  short. 

If  the  success  of  an  outing  may  be  judged  by  the  apparent 
interest  of  those  in  attendance,  the  program  committee  has  reason 
to  feel  proud  of  its  effort.  There  must,  however,  be  noted  in 
closing,  a  genuine  regret  that  the  Detroit  Engineering  Society 
had  not  joined  with  us  at  Lorain,  as  invited.  They,  too,  could 
have  enjoyed  the  outing  and  made  it  doubly  pleasant  for  both 
Societies.  We  hope  some  other  occasion  will  afford  an  oppor- 
tunity for  us  to  enjoy  an  outing  together. 
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MEMBERSHIP  COMMITTEE 

The  membership  committee  has  organized  in  three  sections, 
and  a  few  new  names  have  been  added  to  the  committee  roster 
since  the  September  Journal  was  issued.  We  therefore  give 
below  the  complete  personnel  of  this  committee : 

E.  S.  Carma.v,  Chairman 

Section  1 : —  Section  2  : —  Section  3  : — 

G.  E.  Tower,  T.  S.  Kemp.li:,  J.  E.  Washburn, 

Chainnan  Chainiiaii  Cliainnan 

H.  E.  Scott  E.  B.  Wight  E.  C.  Peck 

C  F.  Schoepflin  J.  R.  Poe  W.  M.  Faber 

I    ,E.  H.  Owen  Ernest  McGeorge  P.  A.  Geier 

A.  C.  Irwin  Ed.  Linders  Maurice  Converse 

I.  A.  DuBBs  T.  A.  Barco  C.  E.  Pettibone 
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EMPLOYMEXT  BULLETIX 

This  department  is  for  the  use  of  members  desiring  positions 
or  requiring  engineering  services  :  it  is  under  the  personal  direc- 
tion of  the  secretary,  who  is  anxious  to  increase  its  vah:e  to  the 
members.  Therefore,  if  you  are  in  need  of  engineering  help,  or 
desire  to  secure  a  position,  do  not  hesitate  to  call  on  the  depart- 
ment for  assistance. 

All  information  is  handled  confidentially. 

MEX    AVAILABLE 

Xo.  8A.  American ;  33  years  of  age :  graduate  Columbia  School  of 
Mines,  mining  engineer ;  Case  School,  three  years :  eight  years'  experience 
in  mining  work  as  draftsman,  surveyor,  engineer  and  superintendent.  De- 
sires   position    as    mine    superintendent  or  mining  engineer. 

X'o.  9A.  American :  24  years  of  age ;  two  years  in  civil  engineering 
at  Purdue  L'niversity.  One  and  one-half  years'  general  shop  experience, 
and  two  and  one-half  years  as  draftsman  in  land  department  of  railroad 
office ;  one  j-ear  as  municipal  assistant  engineer.  Desires  selling  work, 
preferably  in   machinery   line. 
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Smoke  Prevention 

Bv  Paul  P.  Bird. 

Editor's  Xote.^ — When  the  author  presented  this  paper,  he 
showed,  by  means  of  lantern  sHdes,  a  large  number  of  boiler 
settings  that  have  operated  successfully  without  smoke.  A  few 
of  these  drawings  are  reproduced  here,  without  special  reference 
being  made  to  them  in  the  text. 

You  have  asked  me  to  address  you  on  a  subject  that  is,  in 
my  opinion,  of  far  reaching  and  increasing  importance  to  all 
communities  where  soft  coal  is  used.  In  approaching  this  sub- 
ject, I  desire  to  call  your  attention  to  the  fact  that  the  prevention 
of  smoke  is  an  engineering  problem  and  worthy  of  your  most 
careful  thought  and  study.  Broadly,  the  engineering  profession 
is  responsible  for  the  smoke  nuisance  because  the  general  use  of 
coal  as  a  fuel  has  brought  with  it  the  smoke,  and  the  develop- 
ment of  coal  burning  apparatus  has  been  essentially  the  work  of 
the  engineer.  As  it  is  the  work  of  the  engineer  that  has  brought 
into  being  the  smoke  nuisance,  it  follows  that  it  is  the  duty  of 
the  engineer  to  give  study  to  this  problem  and  to  put  into  practice 
means  for  its  abatement.  The  engineering  profession  is  not  an 
old  one.  It  is  only  within  the  last  60  years  that  coal  has  come 
into  general  use  for  producing  heat  and  power.  During  this 
period,  which  has  been  called  "the  epoch  of  manufactured 
power",  wonderful  achievements  have  been  made,  and  the  ac- 
complishments of  the  engineer  have  worked  a  revolution  in  human 
life  and  brought  about  one  of  the  most  remarkable  eras  in  the 
annals  of  civilization.  Now,  if  the  wheels  of  industry  must 
necessarily  stop,  and  if  we  must  abandon  the  present  methods  of 
making  heat  and  power  if  the  smoke  stops,  then  there  is  no 
question  but  that  the  making  of  smoke  must  continue.  However, 
if  it  is  possible  to  burn  this  coal  and  to  produce  this  power  and 
heat  without  smoke  at  all,  or  with  the  production  of  less  smoke 
than  we  are  now  making,  it  should  be  done.  The  individual 
or  corporation  who  burns  coal  should  see  to  it,  as  a  civic  duty, 
that  this  is  done,  and  unquestionably  city  governments  have  a 
perfect  right  to  insist  that  every  effort  be  made  toward  this  end. 

It  is  now  a  generally  accepted  fact  that  smoke  cannot  be 
abated  by  requiring,  by  law,  the  use  of  smokeless  fuels  such  as 
anthracite  coal  or  natural  gas.  Soft  coal  must  be  used,  but  every 
effort  must  be  made  to  so  burn  it  that  the  minimum  of  smoke  is 
made. 

Considerable  attention  has  been  paid  to  this  subject  in  Chi- 
cago during  the  last  few  years,  and  with  success.  Mr.  T.  E. 
Donnelley,  chairman  of  the  Chicago  Smoke  Abatement  Commis- 
sion, spoke  before  your  Chamber  of  Commerce  a  few  months 
ago  about  the  work  of  his  commission  and  the  work  of  the 
Department  of  Smoke  Inspection.     This  paper,  therefore,  will  not 
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deal  with  the  subject  of  smoke  ordinances  and  their  enforcement, 
but  rather  with  the  practical  and  engineering  features. 

In  dealing  with  any  problem  it  is  usually  of  benefit  to  make 
as  careful  an  analysis  as  is  practicable  of  the  things  and  condi- 
tions involved.  Therefore,  in  studying  the  smoke  problem  of 
a  cit)%  it  is  desirable  to  examine  the  way  in  which  the  soft  coal 
is  burned  and  to  make  a  subdivision  of  total  smoke  amongst  the 
various  classes  of  plants  responsible  for  its  production.  The 
Chicago  Smoke  Department  during  the  past  year  made  such  an 
investigation  and  the  results  obtained  have  been  of  the  greatest 
value  to  those  who  are  directing  the  fight  against  the  smoke 
nuisance.  As  far  as  is  known,  no  similar  study  has  ever  been 
made,  and  therefore  the  work  was  done  along  original  lines.  As 
the  smoke^  comes  from  the  incomplete  combustion  of  soft  coal, 
the  basis  of  such  an  investigation  is  the  soft  coal  consumption  of 
the  city.  Knowing  the  coal  consumption  of  the  different  classes 
of  smoke  makers,  it  requires  a  knowledge  of  the  density  of  smoke 
made  by  each  class  to  arrive  at  the  percentage  of  the  total  smoke 
made  by  each.  For  this  purpose  the  Chicago  Department  used 
the  Ringlemann  method  of  estimating  the  relative  blackness  or 
density  of  smoke.  The  smoke  makers  were  divided  into  seven 
groups  or  classes,  their  coal  consumption  carefully  estimated, 
and  many  thousand  Ringlemann  chart  observations  made  of  the 
smoke.      The  results  of  the  investigation  were : 

Smoke. 

Percentage  of 

Annual  Total  Smoke. 

Coal         Percentage.  Round 

Consumption.  of  As       Num- 

Class.       Consumer.  Tons.    Per  cent.  Density.  Figured,   bers. 

1  Central    district    1,500,000  15.          3.75         5.85  6 

2  Misc.    power    plants 4,500,000  45.           6.5  30.45  30 

3  Flats    750,000         7.5         3.0          2.34  2^ 

4  Domestic    650,000        6.5         3.0          2.06  2 

5  Special   furnace              .      .  600,000         6.  20.0  12.5  12^ 

6  Railroad-^     1,850,000  18.5  22.3  42.9  43 

7  Boats    150,000         1.5  25.0          3.9  4 

Total 10,000,000     100.0        9.6       100.0        100.0 

In  making  use  of  the  Ringlemann  chart,  the  results  were 
figured  on  a  percentage  basis.  The  third  column  in  the  table 
gives  the  percentage  of  smoke  density.  The  results  are  illustrated 
in  a  graphical  way  by  the  drawing  on  page  72). 

The  Chicago  investigation  showed  that  although  the  railroad 
locomotives  used  only  18^^  per  cent  of  the  total  coal,  they  made 
43  per  cent  of  the  total  smoke.  The  average  density  of  loco- 
motive smoke  was  23  per  cent,  while  the  density  of  smoke  from 
the  miscellaneous  power  plants  averaged  only  6^  per  cent,  and 
all  the  plants  in  the  central  district  averaged  as  low  as  334  per 
cent.  The  miscellaneous  power  plants  were  second  as  far  as 
quantity  of  smoke  is  concerned,  being  responsible  for  30  per  cent 
of  the  total.  One  of  the  surprising  results  of  the  investigation 
was  that  the  domestic  users  of  soft  coal,  i.  e.,  private  residences, 
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cottages,   two   and   three-riat   buildings,    etc.,   were   responsible    for 
but  2  per  cent  of  the  total   smoke. 

The  possibilities  of  preventing-  smoke  from  these  various 
sources  will  be  next   discussed : 

Stationary  Plants  : — 

Although  in  the  Chicago  investigation  the  smoke  makers  were 
divided  into  seven  classes,  the  sources  of  smoke  in  any  city  may 
be  roughly  grouped  into  three  broad  divisions — stationary  plants, 
railroads  and  boats.  Smoke  from  the  stationary  plants  forms  the 
most  important  part  of  any  Smoke  Department's  work  and  in 
most  cities  it  forms  considerably  more  than  half  of  the  total.  In 
this  group  are  found  all  boiler  plants  (whether  used  for  power 
or  heat  production),  special  furnaces  in  manufacturing  premises, 
and  the  heating  plants  in  homes.  A  great  deal  can  be  done  to 
prevent  smoke  in  stationary  plants,  and  it  is  here  that  the  greatest 
successes  have  been  accomplished. 

Referring  to  smoke  prevention  in  boiler  plants,  it  may  be 
noted  that  there  are  three  things  which  determine  to  what  extput 
a  boiler  plant  will  smoke : 

1.  The  kind    of    fuel    to    be    used. 

2.  The   care    to    be    exercised    by    the    fireman. 

3.  The   character    of    the    equipment    for    burning    the    fuel. 
A    city    smoke    department   has   no    control    over   the    first   of 

these.  The  kind  of  fuel  is  fixed  by  geographical  location  and 
commercial  considerations.  In  the  west  soft  coal  must  be  used. 
-A  city  department  can  influence  to  some  extent  the  care  to 
be  exercised  by  the  fireman.  When  a  plant  through  careless 
firing  throws  out  objectionable  smoke  in  violation  of  the  law, 
the  city  can  impose  a  fine  upon  the  plant  owner,  and  in  this  way 
exert  an  indirect  influence  on  the  fireman.  So  much  has  been 
said  about  careless  firing  that  the  public  often  loses  sight  of  the 
fact  that  there  are  other  features  to  be  considered  and  wrong- 
fully attributes  all  smoke  to  carelessness.  In  a  great  many  of 
the  plants  today  it  is  probable  that  more  care  is  required  on  the 
part  of  the  fireman  in  order  to  prevent  smoke  than  can  reason- 
ablv  be  expected  from  men  of  this  class.  These  plants  are  often 
located  in  dark,  poorly  ventilated  basements,  hot  almost  beyond 
human  endurance,  only  a  very  limited  amount  of  space  provided 
for  operating  the  furnaces,  and  the  general  appearance  and 
arrangement  of  the  plant  such  that  it  can  hardly  be  associated 
with  care  of  any  degree.  In  these  plants  to  merely  keep  up  the 
steam  pressure  is  such  a  task  that  no  extra  work  is  apt  to  be 
done  for  the  sole  purpose  of  preventing  smoke. 

The  third  feature,  the  equipment,  is  the  only  one  over  which 
the  citv  has  any  direct  control.  If  smokelessness  is  to  be  brought 
about  the  general  standard  of  the  equipment  must  be  such  as  will 
make  up  for  the  natural  conditions  of  fuel  and  allow  for  at  least 
pardonable  carelessness.  Past  experience  has  proven  that  unless 
detailed  attention  is  paid  to  the  equipment,  plants  \Vill  be  installed 
in  which  bituminous  coal  cannot  be  burned  w^ithout  smoke,  even 
when  extreme  care  is  used.     Such  poor  installations  are  not  made 
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willfully  by  anyone  who  wants  to  make  smoke  and  violate  the  city 
ordinances,  but  the  mistakes  are  made  through  ignorance  and 
because  boilers  and  furnaces  are  installed  without  regard  to  the 
particular  conditions  that  exist.  A  boiler  plant  that  would  operate 
very  satisfactorily  in  the  eastern  states  with  anthracite  or  the 
better  grades  of  bituminous  coal  will  smoke  very  badly  when 
using  w^estern  coal.  Further,  it  is  only  within  recent  years  that 
engineers  have  given  careful  study  to  the  details  of  boiler  plants, 
with  the  idea  of  smoke  prevention.  When  boilers  and  furnaces 
are  installed  according  to  well-established  standards,  which  for  the 
most  part  have  been  developed  in  the  east,  the  result^  is  most 
unsatisfactory  from  a  smoke  prevention  standpoint.  In  Cleveland, 
where  every  conceivable  industry  is  carried  on  and  where  the 
most  diversified  classes  of  smoke  making  plants  have  been  per- 
mitted to  grow  with  no  thought  or  provision  made  for  avoiding 
smoke,  its  suppression  is  a  task  requiring  time,  patience,  firmness 
and  a  fund  of  knowledge  and  experience  capable  of  solving  the 
various   problems    submitted. 

The   1907   smoke  ordinance   of   the   City  of   Chicago   provides 
that  permits  be  issued  by  the  Department  of  Smoke  Inspection  for 
all  new  steam  plants  and  for  the  re-construction  of  old  ones.     This 
was  the   first  time  in   the  history  of   municipal   smoke  prevention 
work  that  such  a  program  was  undertaken.     Those  who  planned 
this  section  of  the  ordinance  felt  that  if  any  permanent  and  lasting 
good  were  to  be  obtained,  the  details  of  every  steam  plant  equip- 
ment  should  be  carefully   studied  before   construction,   and   every 
precaution  taken  to  so  build  them  that  smoke  may  be  prevented. 
It  is  a  pleasure  to  be  able   to  state  nearly   four   years   after  the 
ordinance  was  drawn  and  put  into  effect  that  the  important  work 
of  city  supervision  of  new  plants  has  been  successful  and  that  it 
is  now  considered  a  very  important,  perhaps  the  most  important 
part    of    the   work.      This    city    supervision    commences    with    the 
building  plans  and  the  smoke  inspector  approves  the  plans  of  any 
building  in  which  a  boiler  plant  is  to  be  located  before  work  on 
the  building  begins.      This  is  very  essential,  as  it  is  only  by  this 
means   that   enough   space   can   be   obtained    for   the   boiler    room 
and    sufficient    space    is    the   first    requirement    for    a    good    boiler 
setting.      Before    the    boilers    are    installed,    the    smoke    inspector 
issues  a  permit  covering  everything  that  aft'ects  the  smoke-making 
characteristics    of    the  'plant.       The    points    usually    covered    are : 
Chimney  height  and  area ;  breeching  design  ;  clamper ;  areas  of  gas 
passages ;  design  of  furnaces ;  stokers ;  capacity  of  boilers,  etc  etc. 
The  Chicago  Smoke  Department  has  gone  into  the  matter  of 
supervision  of  new  plants  very  thoroughly,  and  it  goes  so  far  as 
to  specify  the  heights  above  the  floor  at  which  boilers  of  various 
types  must  be  set,  where  No.   1   fire  brick  must  be  used,  where 
No.  2  brick  may  be  used,  the  height  and  diameter  of  stacks,  the 
shape  and  area  of  breeching  connections,  the  areas  of  gas   pass- 
ages- through   the   setting,   the    arrangement   of   baffles,   etc.      The 
department'  gives  the  most  careful  study  to  every  plant  submitted 
and   holds   e'very   one   up   to   the    same    standard.      The    result    of 
about   three    and   a  half   years'    of   this    work   has   been    to    bring 
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Chicago  into  the  front  rank  of  the  world's  cities  which  are 
fighting  the  smoke  nuisance.  You  cannot  find  an  intehigent  and 
honest  man  in  Chicago  who  does  not  beHcve  it  pays.  It  has 
taken  a  lot  of  fighting  to  make  men  spend  more  money  in  build- 
ing boiler  plants  than  they  expected  to  just  for  the  purpose  of 
preventing  smoke.  Similarly  it  has  been  hard  to  convince  them 
that  they  must  rebuild  their  plants,  add  new  boilers,  equip  their 
plants  with  stokers  or  build  new  stacks,  all  to  stop  smoke.  A 
smoke  inspector  must  have  the  backing  of  a  strong  public  opinion 
in  order  to  carry  through  such  a  program,  but  this  must  be  done 
if  smoke  is  to  be  stopped.  There  is  no  easy  way  to  do  it.  It  is 
an  engineering  problem  and  each  job  is  different  and  requires 
close  detailed  study.  It  takes  time  to  bring  results  in  a  campaign 
of  this  sort.  The  results  come  slowly  but  surely  and  there  can 
be  no  doubt  but  that  this  is  the  only  way  to  get  permanent  and 
lasting  results. 

The  most  important  thing  to  look  after  in  the  design  of  a 
boiler  plant  is  draft.  It  stands  as  the  first  and  most  essential 
requisite  for  smokeless  operation.  Provision  for  meeting  the 
other  requirements  of  smokelessness  cannot  take  the  place  of 
adequate  draft.  In  general,  a  chimney  should  never  be  built 
low^er  than  100  feet  above  the  grate  level.  This  represents  the 
lower  limit  of  stack  heights. 

The  only  function  of  a  breeching  is  to  convey  the  products 
of  combustion  from  the  boiler  to  the  stack.  In  designing  the 
breeching,  care  must  be  taken  to  avoid  its  interfering  with  the 
function  of  the  chimney,  which  is  to  get  intensity  of  draft  over 
the  fire.  Available  draft  at  the  base  of  the  chimney  is  procured 
by  its  height  and  the  money  invested  in  chimneys  increases 
enormously  with  the  height.  Therefore,  any  design  of  breeching 
which  uselessly  uses  up  the  available  stack  draft  is  a  source  of 
constant  loss  to  the  owner,  inasmuch  as  he  has  money  invested 
in  a  chimney  that  is  not  giving  him  full  return,  to  say  nothing 
of  the  annoyance  caused  by  the  barrier  in  the  way  of  smokeless- 
ness. Therefore,  as  much  attention  must  be  given  to  the  design 
of  breeching  as  to  the  design  of  chimney. 

The  Chicago  department  often  asks  for  extensive  changes 
to  be  made  in  the  general  layout  of  a  plant  in  order  to  avoid  one 
right  angle  turn  in  the  breeching.  Sudden  changes  of  cross 
section  must  be  avoided  and  the  section  maintained  as  nearly 
square  or  round  as  is  possible.  If  the  section  of  the  breeching 
must  be  changed  in  order  for  it  to  enter  the  stack,  the  breeching 
must  be  so  arranged  that  the  smoke  will  go  up  and  not  down  as 
it  enters.  Bends  of  long  radius  are  substituted  for  short  turns 
when  possible.  The  design  must  be  such  that  opposing  currents 
of  gases  will  be  avoided. 

The  value  of  automatic  stokers  as  smoke  preventing  devices 
is  universally  recognized,  and  it  is  only  in  the  smaller  plants 
where  conditions  are  unsuitable  for  stokers  that  hand  fired  boilers 
should  be  permitted.  In  all  plants  having  a  boiler  capacity  of 
above,  say,  300  horsepower  stokers  should  be  required  unless 
there   is   some   good   engineering  reason   why   they   should   not   be 
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installed.  The  important  thing-  relative  to  stokers  is  to  install 
them  properly.  ]\Iuch  could  be  said  on  this  point.  A  good  boiler 
and  a  good  stoker  may  be  chosen  and  yet  they  may  be  put  to- 
gether in  such  a  way  that  the  result  will  be  most  unsatisfactory 
from  a  smoke  prevention  standpoint.  The  stoker  must  be  so 
arranged  with  reference  to  the  boiler  that  the  combustion  of  the 
fuel  is  complete  before  the  gases  come  in  contact  with  the  boiler 
itself.  There  are  many  stoker  fired  plants  that  are  not  successful 
in    preventing    smoke.      The    fault    is    not    due    to    the    particular 
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boiler  or  the  particular  stoker,  but  to  the  manner  in  which  the 
two  have  been  installed  in  relation  to  each  other.  In  general, 
high  settings  are  necessary  and  large  combustion  spaces.  The 
area  of  the  gas  passages  through  the  setting  and  furnaces  must 
be  of  sufficient  size  to  allow  a  good  draft  over  the  fire. 

Regarding  the  subject  of  economy,  there  is  probably  no  one 
todav  who  will  deny  it  is  economical  to  prevent  smoke.  Mechan- 
ical stokers  are  coming  into  universal  use  not  only  in  cities,  but 
everywhere,   whether   smoke   is   a   factor   or   not.    and   the   general 
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adoption  of  stokers  brings  with  it  smoke  prevention  and  economy. 
Although,  .in  general,  there  is  great  economy  in  stopping  smoke, 
it  is  not  on  this  ground  alone  that  an  anti-smoke  campaign  should 
be  carried  on.  Complete  combustion  means  economy  and  also  no 
smoke.  Probably  the  carbon  particles  in  visible  smoke  represent 
a  very  small  part  of  the  heat  value  of  the  coal,  but  it  is  found 
that  in  practically  every  case,  where  a  plant  is  changed  from 
being  a  smoky  one  to  a  clean  one,  the  economy  is  improved.  An 
engineer  who  is  careful  about  his  smoke  is  also  careful  about  the 
other  parts  of  his  plant.  A  fireman  who  fires  so  as  to  prevent 
smoke  also  fires  in  the  way  that  gets  the  most  heat  from  the  coal. 
It  is  the  universal  experience  of  every  one  who  has  worked  in 
this  line  that  it  pays  to  stop  smoke.  By  this  it  is  not  meant  that 
there  is  so  much  actual  heat  value  in  the  carbon  particles  that 
escape  in  smoke,  but  that  smoke  is  caused  by  faulty  design  in 
seme  part  of  the  boiler  plant  or  poor  operation.  When  the  poor 
design  is  corrected — stack  or  breeching  improved  so  as  to  get 
proper  draft,  grate  surface  properly  proportioned  to  the  boiler 
and  load,  bafiles  arranged  correctly,  etc.,  or  when  the  operation 
is  improved,  it  is  found  that  not  only  does  the  smoke  disappear, 
but  the  economy  improves — the  plant  efficiency  goes  up,  often 
cheaper  coal  can  be  used,  and  sometimes  the  capacity  of  the  boiler 
plant  is  materially   increased. 

When  a  boiler  stack  emits  absolutely  no  smoke  at  all,  it  does 
not  follow  that  the  economy  is  high.  It  may  be  that  there  is  a 
great  excess  of  air  in  the  chimney  gas  with  a  correspondingly 
low  efficiency.  The  supply  of  air  to  a  furnace,  particularly  with 
hand  fired  boilers,  is  often  overdone  and  although  the  smoke  is 
prevented,  fuel  is  wasted  and  a  low  boiler  efficiency  needlessly 
obtained. 

On  the  other  hand,  some  smoke  being  emitted  from  a  boiler 
stack  is  not  always  a  sign  of  poor  economy.  This  condition  is 
usually  the  result  of  a  peculiar  design  of  furnace.  It  may  hap- 
pen that  the  plant  is  so  designed  that  it  is  running  economically, 
but  without  complete  smoke  prevention.  In  such  a  case  the  com- 
plete elimination  of  smoke  does  not  decrease  the  efficiency,  but  it 
may  not  improve  it.  In  boiler  plants  subject  to  extremely  vari- 
able loads,  it  is  very  difficult  and  almost  impossible  to  prevent 
smoke  at  all  times.  In  such  plants  the  economy  is  rarely  im- 
proved by  changing  the  design  or  operation  for  the  purpose  of 
eliminating  smoke. 

It  may  well  be  asked  why  is  it  necessary  for  the  anti-smoke 
crusader  to  bring  all  of  this  to  the  attention  of  power  plant  de- 
signers and  operators?  Why  are  not  our  plants  today  correctly 
designed  and  operated?  Probably  the  answer  is  found  in  the 
fact  that  today  there  is  less  known  about  boilers,  boiler  settings, 
breechings,  stacks,  furnaces,  stokers,  furnace  economy,  boiler 
efficiency,  etc.,  than  about  any  other  part  of  a  modern  power 
plant.  Because  of  this  lack  of  knowledge  many  plants  are  im- 
properly designed  and  built.  But  engineers  are  paying  more 
attention   to  the  boiler  room,   realizing  that  it  is  the  part  of  the 
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power  plant  that  needs  the  most  attention  and  offers  most  oppor- 
tunity for  reforms  and  improvements. 

Railroads  : — 

As  outlined  above,  it  is  estimated  that  in  Chicago  the  rail- 
road locomotives  make  43  per  cent  of  the  total  smoke.  Consid- 
ering its  character,  the  conclusion  seems  warranted  that  steam 
locomotives  produce  over  one-half  of  the  dirt  traceable  to  smoke. 
Locomotive  smoke  carries  with  it  quantities  of  sparks  and  cinders, 
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while  in  stationary  plants  comparatively  little  of  such  material  is 
thrown  out.  This  is  because  of  inherent  features  in  the  design 
that  are  unavoidable.  On  a  locomotive  there  is  so  little  room 
available  that  the  grate  surface  of  the  boiler  is  necessarily  small 
and  there  is  consequently  required  a  powerful  draft  for  burning 
enough  coal  to  do  the  required  work.  This  draft  is  obtained  by 
discharging  the  exhaust  steam  from  the  engine  cylinders  up  the 
stack.  Because  of  this  strong  draft,  there  is  drawn  out  of  the 
fire   box   with   the   smoke  great   quantities    of   fine    coal   and   ash, 
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which  in  turn  are  discharg-ed  from  the  stack  in  the  form  of 
cinders.  It  is  a  recognized  fact  among  railway  men  that  from 
8  to  18  per  cent  of  all  bituminous  coal  put  into  locomotive  fire 
boxes  escapes  from  the  stack  in  this  manner.  In  Chicago  about 
5,600  tons  of  coal  are  burned  in  locomotives  each  day.  Assuming 
that  10  per  cent  of  the  coal  leaves  the  stack  in  the  form  of 
cinders,  it  means  that  560  tons  of  cinders  are  thrown  into  the  air 
and  dropped  on  the  city  of  Chicago  every  day.  This  is  equal  to 
about  14  carloads.  On  the  other  hand,  in  stationary  plants, 
where  there  is  plenty  of  room  for  a  larger  grate  surface  and 
where  the  coal  is  burned  with  a  lower  draft  and  with  tall  chim- 
neys, but  few  cinders  are  carried  out  with  the  smoke.  Therefore, 
the  smoke  from  locomotives  on  account  of  carrying  with  it  sparks 
and  cinders  is  far  more  objectionable  than  the  smoke  from  sta- 
tionary plants,  and  as  it  is  discharged  into  the  atmosphere  at  no 
great  distance  from  the  ground  and  is  trailed  over  long  courses, 
it  is  safe  to  say  that  from  the  standpoint  of  a  nuisance  the  steam 
locomotive  is  the  worst  ofifender  of  all. 

Considering  the  remedy  for  this  class  of  smoke,  it  may  be 
said  that  as  long  as  the  steam  locomotive  burning  soft  coal  is 
used,  smoke  will  be  made.  The  investigations  recently  made  in 
Chicago  showed  that  the  average  density  of  locomotive  smoke, 
according  to  the  Ringlemann  system,  was  23  per  cent.  This  was 
the  average  figure  obtained  within  the  city  limits.  Similar  in- 
vestigations made  in  eight  towns  outside  of  the  city  limits  showed 
an  average  smoke  density  of  41  per  cent.  This  is  probably  a  fair 
figure  for  the  performance  of  a  locomotive  using  Illinois  or 
Indiana  coal  with  no  particular  attention  paid  to  preventing  smoke. 
It  shows  that  outside  of  the  city,  where  no  effort  is  made  to 
prevent  it.  the  smoke  is  nearly  twice  as  dense  as  in  Chicago. 
The  lowest  average  smoke  density  made  by  the  locomotives  of 
any  railroad  was  10.7  per  cent.  Probabl}^  10  per  cent  is  as  low 
an  average  as  can  be  maintained  with  steam  locomotives  u=ine 
soft  coal.  If  all  the  locomotives  of  Chicago  were  doing  as  well 
as  this  today,  the  locomotive  smoke  would  still  be  29  per  cent  of 
the  total,  and  probably  be  responsible  for  more  than  one-third 
of  the  dirt.  The  modern  steam  locomotive  is  such  a  highly  de- 
veloped machine  that  it  is  extremely  unlikely  that  any  change  will 
ever  be  made  in  its  construction  which  will  produce  better  results 
than  this.  Although  there  are  several  devices  which  may  be 
applied  to  a  locomotive  which  are  helpful  in  preventing  smoke, 
a  careful  and  skillful  fireman  is  the  greatest  factor.  A  careful 
man  with  a  locomotive  having  no  special  devices  of  any  sort  and 
burning  very  poor  coal  will  make  far  less  smoke  than  a  careless 
man  with  the  best  devices  and  coal.  The  railroads  in  Chicago 
that  are  making  the  least  smoke  are  those  that  are  paying  most 
attention  to  the  men  on  the  engines.  These  roads  emplov  smoke 
inspectors,  road  foremen  or  instructors  who  work  with  the  en- 
gineers and  firemen,  showing  them  how  to  fire  carefully,  how  to 
use  the  devices  and  how  to  operate  their  locomotives  under  all 
conditions  with  the  minimum  amount  of  smoke.  There  can  be 
no  let  up   in   this   work.      Experience  has   shown   that   when  th'.s 
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personal  supervision  of  the  men  is  stopped  a  period  of  even  two 
weeks,  the  men  are  back  in  the  old  habit  again. 

The  best  equipment  that  a  locomotive  may  have  for  the  pur- 
pose of  preventing-  smoke  consists  of: 

First  : — A  strong  and  efficient  steam  blower  in  the  smoke 
stack.  This  blower  pipe  should  have  at  least  1^/4-inch  steam 
connection  and  should  be  so  equipped  with  valves  that  either  the 
engineer  or  fireman  may  use  it.  This  is  for  the  purpose  of  sup- 
plying draft  when  the  locomotive  is  not  running.  This  blower 
should  always  be  used  when  the  engine  stops  and  the  fire  is  in 
such  condition  that  smoke  will  be  made  unless  there  is  a  strong 
draft.  The  best  blowers  have  special  tips  or  nozzles  which  dis- 
charge the  steam  through  several  openings. 

Second  : — A  brick  arch  in  the  fire  box.  This  arch  is  for 
the  purpose  of  giving  a  high  temperature  to  the  fire  box  and 
causing  the  gases  to  mix  well  with  the  air  while  in  that  part  of 
the  fire  box  where  the  temperature  is  high  enough  for  combustion. 

Third: — The  fire  boxes  may  be  equipped  with  combustion 
tubes.  These  consist  of  tubes,  about  2  inches  in  diameter,  ex- 
tending through  the  water  space  on  each  side  of  the  fire  box 
which  admit  air  above  the  level  of  the  fuel  bed.  Depending  upon 
the  size  of  the  fire  box,  from  four  to  six  tubes  of  this  sort  are  to 
be  placed  on  each  side.  A  current  of  air  through  these  tubes  is 
'insured  by  blowing  a  small  jet  of  steam  through  them  by  means 
of  a  pipe,  about  }i  inch  in  diameter.  These  combustion  tubes 
have  come  into  very  general  use  in  the  Chicago  district. 

Several  dififerent  forms  of  automatic  stokers  have  been  devel- 
oped for  use  on  locomotives.  Practically  none  of  them  have 
been  of  anv  assistance  in  preventing  smoke,  and  most  of  them 
have  caused  more  smoke  than  hand  firing.  The  Pennsylvania 
railroad,  however,  is  now  developing  a  stoker  which  gives  promise 
of  reducing  smoke  to  a  minimum,  but  which  is  not  yet  at  a  point 
where  it  is  available  for  general  application  by  the  railroads. 

Summing  up  the  railroad  smoke  problem,  the  author's  con- 
clusions are  that  as  long  as  steam  locomotives,  burning  soft  coal, 
are  used,  considerable  smoke  will  be  made,  and  that  when  this  is 
reduced  to  the  minimum  the  smoke  from  this  source  will  still 
form  a  very  considerable  part  of  the  smoke  produced  in  any  city. 
Further,  electrification  of  the  railways  seems  to  ofter  the  only 
final  and  satisfactory  solution  of  the  problem.  An  investigation 
is  now  being  made  of  electrification  in  Chicago  by  the  Chicago 
Association  of  Commerce  Committee  on  Investigation  on  Smoke 
Abatement  and  Electrification  of  Railway  Terminals.  The  rail- 
roads operating  in  the  city  are  paying  for  the  work.  Mr.  Horace 
G.  Burt  is  chief  engineer  and  he  has  associated  with  him  a  stafif 
of  experts  who  are  giving  careful  consideration  to  everything 
bearing  on  the  subject  of  railway  smoke.  Although  this  Com- 
mittee and  its  stafif  of  engineers  are  not  working  directly  for  the 
city  of  Chicago,  it  is  expected  that  the  findings  of  the  Committee 
will  be  accepted  by  the  public,  the  city  council  and  the  railroads 
as    to    whether    or    not    electrification    is    necessary    and    possible. 


The  task  undertaken  involves  a  vast  amount  of  time  and  labor. 
The  report  will  probably  be  finished  within  the  next  year  or  year 
and  a  half. 

Boats  : — 

As  a  general  proposition,  it  may  be  stated  that  it  is  just  as 
easy  to  prevent  smoke  on  a  steamboat  as  it  is  on  a  railroad  loco- 
motive. When  the  Chicago  Smoke  Department  commenced  its 
work  in  the  fall  of  1907,  every  operator  of  vessels  on  the  river 
told  the  Department  that  the  anti-smoke  fight  was  all  right  on 
land,  but  that  a  steamboat  or  a  steam  tug  had  to  make  smoke 
in  order  to  run.  After  three  seasons'  work  on  the  river,  the 
Department  came  to  the  conclusion  that  it  is  no  harder  to  oper- 
ate a  vessel  on  the  river  without  making  smoke  than  it  is  to 
operate  a  locomotive  without  smoke. 

All  marine  boilers  and  machinery  are  inspected  and  licensed 
by  the  Federal  Government.  Therefore,  a  city  department  cannot 
issue  permits  for  the  installation  of  marine  boilers  or  for  recon- 
struction and  cannot  control  the  equipment  in  any  way.  Even  if 
this  were  not  the  case,  it  would  be  difficult  to  make  much  im- 
provement in  the  machinery  of  steamboats  for  the  purpose  of 
preventing  smoke.  There  are  no  devices  which  can  be  attached 
to  marine  boilers  which  are  of  any  great  assistance  in  stopping 
smoke.  About  all  that  can  be  done  is  to  make  sure  that  the 
boiler  capacity  is  large  enough  to  operate  the  vessel  without 
overloading  the  boilers  and  that  the  grate  surface  is  of  sufficient 
size  for  the  coal  to  be  properly  burned.  Automatic  stokers  have 
not  come  into  general  use  on  steamboats ;  first,  because  of  the 
limited  space  available  in  the  boiler  room  for  this  sort  of  machin- 
ery, and,  second,  because  a  regular  supply  of  coal  of  uniform 
size  is  impossible  to  obtain.  There  is  only  one  form  of  stoker 
that  has  worked  out  at  all  in  connection  with  marine  work  and 
that  is  the  underfeed  stoker.  In  Chicago  there  are  one  suction 
dredge,  one  tug,  and  one  passenger  boat,  already  equipped  with 
stokers  of  this  sort.  These  stokers  have  thus  far  worked  out 
excellently  from  a  smoke  prevention  standpoint,  and  it  is  hoped 
that  many  more  of  them  may  be  installed. 

In  Chicago  the  use  of  Pocahontas  coal  has  done  more  than 
anything  else  toward  stopping  smoke  on  boats.  Formerly  all 
vessels  used  Pittsburgh  coal,  which  is  quite  common  at  all  points 
on  the  Great  Lakes.  This  coal  is  very  smoky,  as  you  in  Cleve- 
land know.  Today  practically  every  boat  uses  Pocahontas  coal 
while  in  the  Chicago  river  and  harbor.  The  tugs  are  using  it, 
and  the  freight  and  passenger  boats  while  in  the  city.  It  took 
a  lot  of  hard  work  and  three  years'  time  to  bring  this  about,  but 
it  has  resulted  in  reducing  the  smoke  to  a  remarkable  extent.  It 
is  probably  fair  to  say  that  a  greater  proportion  of  smoke  has 
been  abated  among  the  boats  than  among  any  other  single  class 
of  smoke  makers  in  Chicago.  A  few  years  ago  the  smoke  from 
the  boats  on  the  river  was  a  bad  nuisance,  while  today,  although 
there    is    still    considerable    smoke,    the    improvement    has    been 


marked.  This  has  chiefly  been  brought  about  bv  the  use  of 
Pocahontas  coal  and  more  careful  firing.  You  mav  be  assured 
that  smoke  prevention,  even  on  a  tug  boat,  is  by  no  means  a 
hopeless  task. 


Discussion 

\V.  Isl.  Faber: — 

I  suppose  what  you  want  to  know  is  what  the  company  which 
I  represent  has  been  doing  in  the  way  of  correcting  the  smoke 
nuisance,  and  how  we  are  planning  to  conform  to  the  new'  smoke 
ordinance  that  we  understand  is  to  be  made  a  city  law^  in  the 
near   future. 

At  the  Consolidated  \\'orks  of  the  American  Steel  &  Wire  Co., 
some  few  years  ago,  we  were  confronted  with  the  necessity  of 
reconstructing  our  boiler  house,  and  among  other  things  seriously 
considered  was  the  cutting  dowai  of  smoke  to  the  minimum,  at 
the  same  time  maintaining  good  economy  in  our  operation  of  the 
boiler  house. 

At  this  plant  we  had  two  boiler  houses,  with  a  total  of  some 
30  boilers  wath  individual  stacks,  and  you  can  rest  assured  that 
very  little  attention  w-as  paid  to  the  large  amount  of  smoke  that 
was  necessarily  produced.  In  our  contemplated  plans  for  recon- 
structing we  centralized  our  boiler  house,  and  made  the  equip- 
ment so  that  two  large  stacks  would  take  the  place  of  the  30  small 
stacks. 

After  the  boilers  and  stokers  had  been  contracted  for,  we 
had  a  meeting  of  the  engineers  of  the  boiler  and  stoker  companies, 
wdth  our  own  engineers,  to  consider  the  most  satisfactory  way  of 
installing  these  boilers  so  that  we  would  get  practicallv  a  smoke- 
less combustion  of  the  fuel,  and  at  the  same  time  get  the  best  of 
economy  in  our  daily  operation. 

The  result  of  this  conference  is  the  boiler  house,  now  supply- 
ing steam  for  the  Consolidated  Works,  and  the  furnace  construc- 
tion is  such  that  it  has  practically  obliterated  the  smoke  nuisance 
at  this  plant.  The  construction  of  the  furnace  is  as  follows : 
Stirling  boilers  were  adopted  and  plans  w'ere  made  for  setting 
them  higher  than  the  ordinary  setting;  flat  ignition  arches  w^ere 
built,  extending  approximately  48  inches  over  the  front  of  the 
stoker,  with  an  additional  Stirling  arch,  extending  from  the  end 
of  the  flat  arch  forward  over  the  balance  of  the  stoker.  This 
arrangement  gave  a  large  combustion  chamber  roofed  over  with 
arches,  as  explained. 

The  draft  conditions  in  this  boiler  house  are  approximately 
1^  inches  at  the  stack,  giving  a  draft  in  our  furnace  of  approxi- 
mately 0.3  to  0.5  inch.  We  are  able  to  run  these  boilers,  due 
to  the  draft  conditions  and  grate  areas,  at  140  per  cent  of  their 
rating,  but  do  not  ordinarily   run   them  at  a   rating  greater  than 
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120  to  125  per  cent.  During:  their  operation,  they  are  practically 
smokeless,  except  when  clampers  arc  closed — these  dampers  being 
controlled  by  damper  re.Qulators,  which  operate  when  the  steam 
pressure  goes  beyond  a  given  point, 

Mr,  Bird,  in  his  paper,  gave  as  examples  of  boiler  settings 
that  gave  good  results,  water  tube  boilers,  set  some  5  to  6  feet 
above  the  stokers.  To  change  our  boilers  to  conform  to  these 
ideas  would  be  practically  impossible,  but  we  can,  and  expect  to 
lengthen  out  our  stoker  ignition  arches,  and  are  making  efforts  in 
this  direction  on  all  new  work  that  we  are  putting  in. 

Our  boiler  houses  are  not  giving  us  as  much  concern  in  re- 
gard to  the  elimination  of  smoke  as  our  smaller  furnaces,  such 
as  annealing,  galvanizing  and  other  various  heating  furnaces,  and 
we  are,  at  the  present  time,  trying  various  temporary  expediences 
to  cut  down  the  smoke  in  these  smaller  furnaces.  If  our  small 
furnaces  were  so  located  that  a  gas  producer  could  be  connected 
to  them,  we  might  possibly  solve  the  trouble  in  this  way,  but  as 
a  matter  of  fact,  they  are  scattered  throughout  our  plants  and 
are  of  such  small  size  individually,  that  in  some  cases  only  from. 
50  to  75  pounds  of  coal  are  burned  per  hour. 

The  operating  managers  of  our  company  are  not  only  expect- 
ing to  conform  to  the  requirements  of  the  new  smoke  ordinance, 
but  are  making  every  effort  at  this  time  to  anticipate  these  re- 
quirements, and  have  sent  out  instructions  to  our  various  mill 
superintendents,  to  get  their  furnaces  in  such  condition  that  they 
will  not  make  obnoxious  smoke.  This  already  has  resulted  in 
improvement  at  several  of  our  plants,  and  we  anticipate  that, 
because  of  this  vigorous  action  on  the  part  of  the  men  in  direct 
authority,  a  continued  improvement  will  be  made  throughout  our 
plants  in  this  city. 

In  conclusion,  we  might  add  that  while  the  managers  of  our 
company  are  making  these  efforts  toward  abating  the  smoke 
nuisance,  they  view  with  surprise  the  number  of  stacks  located 
throughout  the  central  part  of  the  city  that  are  allowed  to  make 
smoke  without  any  apparent  action  being  taken  by  the  city  smoke 
inspector.  Two  stacks  that  have  been  particularly  noted  are,  one 
at  the  Hollenden  hotel,  and  one  on  the  Plain  Dealer  building. 


A.  G.  Trumbull: — 

The  silence  which  is  being  maintained  by  my  fellow  railroad 
men  here,  this  evening,  appears  to  call  for  some  remarks  from 
me,  else  it  may  be  thought  that  the  railroads  are  particularly 
guilty  of  smoke  emission   in  Cleveland. 

It  is  trusted  that  the  figures  that  have  been  quoted  by  Mr. 
Bird  as  representing  the  relative  percentage  of  emission  of  smoke 
by  the  railroads  in  the  city  of  Chicago,  as  compared  with  indus- 
trial establishments,  and  the  other  chief  smoke  producers,  will  not 
be  regarded  as  representative  of  the  conditions  in  Cleveland.  The 
Chicago  territory  being  under  my  jurisdiction,  a  favorable  oppor- 
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tunity  is  afforded  for  comparison,  and  it  is  my  opinion  that  the 
smoke  from  locomotives  in  Cleveland  is  far  less  in  volume  than 
in  Chicago. 

It  may  be  of  interest  to  the  Society  to  learn  something  of 
what  has  been  done  by  the  railroads  in  connection  with  the  smoke 
problem.  Some  time  ago,  a  committee  representing  each  of  the 
roads  entering  the  city  was  formed  to  study  the  problem  and 
adopt  such  measures  as  were  considered  likelv  to  yield  the  best 
results.  Through  the  influence  of  this  committee,  practically-  all 
of  the  locomotives  entering  the  city  have  been  equipped  with  the 
appliances  for  smoke  abatement  mentioned  by  i\Ir.  Bird,  including 
smoke  box  blowers,  combustion  tubes  and  steam  jets,  while  a  large 
number  have  also  been  equipped  with  the  brick  arch,  the  use  of 
which  is  being  extended. 

As  engineers,  we  may  perhaps  admit  that  the  absolute  elimi- 
nation of  smoke  from  locomotives  burning  bituminous  coal  cannot 
be  attained,  but  we  do  claim  that  objectionable  black  smoke  can 
be  prevented,  and  you  can  satisfy  yourselves  of  the  correctness 
of  this  statement  any  day  by  personal  observation. 

Those  of  us  who  reside  in  Cleveland,  and  especially  all  who 
may  live  comparatively  near  the  center  of  the  city,  have  at  least 
some  conception  of  the  damage  which  smoke  is  causing  and, 
appreciating  the  necessity  for  an  abatement  of  the  smoke  nuisance, 
may  ^e  depended  upon  to  extend  our  efforts  and  render  every 
possible  assistance  in  accomplishing  the  desired  result. 


Joseph  Harrixgtox  : — 

The  paper  presented  by  JNIr.  Bird  is  so  complete  and  touches 
upon  so  many  of  the  vital  points  of  smoke  prevention  that  any 
discussion  thereof  must  necessarily  be  merely  an  elaboration  of 
some  of  the  statements  made  by  ]\Ir.   Bird. 

\'ital  facts  are  stated  by  ]\ir.  Bird  in  a  single  sentence,  and 
I  desire  to  select  one  of  these  for  further  emphasis,  inasmuch  as 
it  appears  to  me  one  of  the  most  important  and  one  of  the  least 
appreciated  in  the  entire  discussion  of  smoke  prevention.  This 
is  the  statement  that  a  well  designed  stoker  and  a  well  designed 
boiler  may  be  improperly  joined  so  that  bad  smoke  will  result 
and  that  the  union  of  these  two  elements  must  be  correct  in  order 
to  secure  the  desired  result. 

It  is  so  often  thought  that  smokelessness  depends  upon  a 
proper  selection  of  boiler  and  stoker,  and  it  is  so  often  claimed 
that  such  is  the  case,  that  the  layman  does  not  fully  appreciate 
the  necessity  for  an  adequate  furnace  which  is  the  bond  of  union 
between  these  two  parts.  The  stoker,  after  all,  merely  provides 
means  for  uniformly  and  gradually  introducing  the  fuel  to  the 
furnace  and  removing  the  refuse  therefrom,  and  the  boiler  is 
merely  the  means  provided  for  absorbing  the  heat  developed  by 
the  combustion  of  the  fuel.  The  furnace,  however,  is  the  neces- 
sary  space   required   for   the   combustion   of   the   fuel    and   of  the 
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resultant  i^'ascs,  and  it  is  this  very  thino-  which  more  than  any 
other   contributes  to  the  appearance  of   the   stack. 

Every  furnace  has  a  certain  capacity,  and  if  furnace  capacity 
were  properly  understood  and  could  be  proportioned  to  suit  the 
peculiarities  of  the  stoker,  complete  smokelessness  would  neces- 
sarily result  in  each  case.  A  certain  combination  of  stoker  and 
furnace  may  be  smokeless,  up  to  a  certain  rate  of  combustion, 
and  very  smoky  when  this  rate  is  exceeded.  This  simply  means 
that  the' capacity  of  the  furnace  to  hold  the  gases  during  combus- 
tion at  the  proper  temperature  and  for  the  proper  length  of  time 
has  been  exhausted.  Certain  stokers  provide  a  better  introduction 
of  the  fuel,  permitting  the  furnace  to  be  reduced  to  practical 
proportions  and  in  this  way  the  stoker  influences  the  smokeless- 
ness of  combustion.  The  tendency,  however,  is  to  reduce  the 
furnace  to  its  absolute  minimum,  and  the  great  fight  of  the  smoke 
inspector  is  to  induce  the  consumer  to  supply  sufficient  room  for 
the  building  of  adequate  furnace  space.  So  many  owners  of 
plants  being  forced  into  a  rehabilitation  thereof  by  the  insistance 
of  the  smoke  inspector,  begrudge  every  inch  of  space  taken  up 
bv  the  furnace,  and  will  invariably  protest  and  squirm  when  fur- 
nace projection  or  boiler  height  is  desired.  Furnace  projection 
permitting  construction  of  a  furnace  of  adequate  length  requires 
possible  encroachment  upon  coal  storage  space  or  the  enlargement 
of  the  entire  building.  The  height  of  boiler  which  is  required 
in  certain  types  for  the  proper  proportioning  of  the  furnace 
requires  higher  head  room  under  bunkers  or  floors. 

However  apparent  and  commonplace  the  above  assertions  may 
appear  to  the  well  posted  engineer,  it  remains  a  fact  that  the 
layman  who  has  the  obligation  placed  upon  him  of  cleaning  up 
his  stack  will  fight  every  inch  of  space  required  for  the  furnace. 
It  is  my  sole  desire  in  the  repetition  of  these  truths  to  bring  out 
more  emphatically  the  absolute  necessity  of  adequate  furnace  in 
the  production  of  smokeless  combustion,  and  to  add  my  voice  to 
the  testimony  of  those  who  have  similarly  argued  in  the  hope  that 
some  person  may  be  influenced  thereby,  to  see  the  absolute  neces- 
sity of  adequate  furnace  and  allow  his  engineer  or  the  smoke 
inspector  to  take  such  steps  in  his  boiler  room  as  he  well  knows 
are  absolutely  required. 


E.  H.  Whitlock: — 

Perhaps  the  fact  ought  to  be  emphasized  that  the  boiler  itself 
and  its  capacity  for  generating  steam  is  independent  of  the  fire 
box  and  setting.  In  other  words,  the  amount  of  steam  generated 
depends  on  the  number  of  heat  units  delivered  to  the  boiler. 

I  think,  perhaps,  a  few  remarks  made  by  Mr.  Bird  at 
luncheon  might  be  emphasized,  namely,  that  in  many  cases  the 
damper  openings  are  of  insufficient  area,  also  the  areas  at  various 
points  where  the  baffles  are  inserted  are  frequently  reduced  so 
as  to  be  of  insufficient  size.     These  features  have  a  great  bearing 
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on  the  production  or  non-production  of  smoke  in  the  boiler  setting. 
The  stack  and  stack  area  is  another  independent  feature 
which  tends  for  or  against  proper  combustion  of  fuel.  I  think 
^Ir.  Bird  remarked  that  in  many  cases  attention  to  these  points 
would  tend  greatly  to  mitigate  the  smoke  nuisance  in  boiler  set- 
ting's that  are  now  in  use. 


W.   Beahax  : — 

It  is  disappointing  to  learn  by  this  paper  tonight  that  43  per 
cent  of  the  smoke  in  Chicago  is  made  by  the  railroads.  I  feel 
sure  that  percentage  is  not  so  high  in  Cleveland.  And  I  am  very 
glad  to  hear  from  Mr.  Trumbull,  of  the  Erie,  of  the  good  efforts 
his  road  is  making,  and  to  listen  to  his  clear  and  well-put  state- 
ment. As  I  am  not  of  the  Alotive  Power  Department  of  the 
Lake  Shore  Read,  I  cannot  say  authoritatively  what  our  company 
are  doing,  but  I  know  we  are  giving  the  matter  our  attention. 
The  modesty  of  our  men  here  tonight  is  commendable  but 
regretted. 

I  am  much  pleased  to  have  Mr.  Bird  tell  us  that  the 
iiion  who  does  the  firing  is  an  element  to  be  reckoned  with.  Is 
not  the  mail  always  to  be  counted  in  these  matters?  The  idea 
which  some  of  our  signal  men  have  that  appliances  can  be  made 
so  that  any  man  will  serve  is  a  fallacy.  Railroads  must  have  good 
men.  They  must  be  constantly  getting  good  young  men.  In 
large  enterprises  no  service  is  more  important  than  its  recruiting 
service. 

Study  and  experiment  will  do  much  to  lessen  the  smoke  evil. 
A\'e  all  agree  to  that.  Panaceas  must  be  shunned.  Let  us  go 
slowly  and  thereby  go  surely. 

But  I  cannot  agree  to  the  proposition  that,  in  general,  electri- 
fication is  now  practicable  on  railroads  through  cities  as  a  means 
of  smoke  prevention.  The  time  has  not  yet  come.  We  must  not 
invest  money  in  transportation  methods  not  yet  beyond  the  labora- 
tory stage.  We  have  done  too  much  of  that.  We  read  that 
such  an  installation  in  New  York  City  has  paid  but  1)^  per  cent 
on  the  investment.  It  is  futile  to  propose,  as  engineers,  what 
financiers  cannot  go  into  the  money  market  and  secure  funds  tc 
carry  out.  You  cannot  divorce  engineering  and  finance  in  trans- 
portation matters  today. 
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Rules  for  Firing  in  Force  in  Chicago 

Editor's    Xotk: — 'I'licsc   rules   were   prepared    b\'   Messrs.    Moynette    and 
Oyster  for  use  in   L'hieago   Harbor. 

COMING   INTO    PORT 

Clean  fires  before   reaching   Chicago. 

Before    entering    the    harbor,    shove    fuel    to    rear    of    grates,    clearing 
about  2  feet  of  front  grate  surface ;  cover  burning  fuel  with  about  4  inches 


Fig.    1 — Fire     in   Condition   to  Enter   Chicago  Harbor. 


Fig.    2 — Fire    Ready    to    Push    Back. 

of  fresh  coal  and  fill  cleared  space  with  broken  coal  almost  to  top  of 
furnace;  leave  door  cracked  for  short  interval  and  put  on  blower.  Have 
all  fires   in  the  condition  shown  in   Fig.    1,  when   abreast  the   Life    Saving 
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Station.     The   vessel   will   then   be   able   to    reach   her   dock   without   again 
working  the  fires. 

All    further    firing   while    in    the    Chicago    river   should   be    with    Poca- 
hontas  coal. 

FIRING  AT   THE  DOCK 

When  steam  is  required,  or  fire  on  rear  of  grate  gets  low,  push  coked 
coal  back  and  quickly  charge   front  of  furnace  with  fresh  coal,   as  before. 


Fig.  3 — Showing  Fire  After  Coked  Coal  Has  Been  Pushed  Back. 


Fig.  4 — Method  of  Barring  Fires. 


Leave   door   cracked    for  short  time  and  keep  blower  on  until  top   of   fire 
assumes   bright   red   color.     Regulate   steam   by  damper. 

Fig.   2  illustrates   condition  of   fire  before  pushing  back. 

TO   FIRE  WHILE   SHIFTING  IN   RIVER 

A  half-hour's  notice  or  more  should  be  given  the  fireman  before 
getting  under  way  in  order  to  have  steam  enough  to  s^ift  without  forcing 
fires. 
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Raise  steam  by  stirring  top  part  of  fire  with  rake  and  Ijreaking  up 
coked   portion    of    fuel   bed ;    crack    door   and    use    blower. 

Allow  fire  to  burn  brightly  for  a  few  minutes;  push  back  and  put 
new    charge   on    front   of   grate. 

Repeat   as  often   as   necessary   to   hold   steam. 

To  make  additional  steam  in  shifting,  fuel  beds  may  be  barred  if 
necessary,  but  this  should  consist  only  of  a  slight  raising  of  the  bed,  not 
passing  the  bar  up  through  it,  as  clinkers  will  mix  with  the  fuel,  sp(jiling 
the  fire  and  making  smoke.     See  Fig.  4. 

Lumps  of  fuel  charged  should  never  be   larger  than  one's  fist. 

Cracking  of  doors  consists  in  doors  being  opened  not  over  1  inch  and 
as  they  are  opened  for  short  periods  of  time  only,  the  flues  will  not  be 
affected. 

While  in  the  river,  lires  must  be  carried  very  thick  at  all  times.  If 
fires  are  allowed  to  burn  down  to  3  or  4  inches  at  the  dock,  it  will  be 
impossible  to   make   steam  without   making   smoke. 

CLEANING   FIRES    IN    PORT 

-Avoid,   if   possi])le,    the    cleaning   of    iires    in   port.      If   necessary    to    do 
so,  clean  quickly  and  when  convenient,  onK-  one  lioiler  during  an   hour. 


Fig.  5 — A — Central  Portion  of  Grate   After   Being   Cle.\ned   Out 

AND  Charged  with  Fresh  Coal. 

B — Wings   of  Furnace   Cleaned  and   Charged   with    Fresh    Coal 

After   Central   Portion   of   Fuel    Bed   Has    Ignited. 


Throw  broken  coal  in  front  of  wings  of  furnace  on  each  side  for  a 
distance  of  3  or  4  feet.  Crack  door  and  use  blower.  W'ait  until  the  last 
charge  of  coal  is  burning  well,  close  ash-pit  door;  rake  out  in  front  all 
the  old  fuel  on  the  central  portion  of  grate  and  fill  cleared  space  with 
well  broken  up  coal  to  a  thickness  of  4  or  5  inches.  If  steam  is  not 
required,  let  green  fuel  catch  and  get  well  coked  from  the  live  beds  at 
the   sides. 

To  raise  steam  more  quickly,  the  burning  fuel  at  the  sides  can  be 
winged  over  on  top  of  the  green  coal.  After  either  operation,  open  the 
ash-pit   door   and   put   on   blower   until    fire   gets   action. 

After  the  middle  portion  has  ignited  well,  rake  out  the  sides,  which 
will  be  nearly  burned  out,  charge  with  fresh,  broken  up  coal  and  allow 
this  to  burn  W'ithout  winging  over  the  center.     Crack  doors  and  use  blower. 

Fig.   5   shows   condition   of   fire   when   cleaning  by   this   method. 
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Give  plenty  of  time  for  fresh  coal  to  coke  before  again  disturbing 
fires. 

Do  all  cleaning  and  charging  as  quickly  as  possible  in  order  to 
preserve   furnace  temperature. 

STARTING  FIRES 

Cover  bare  grate  with  well  broken  up  coal  to  an  average  thickness  of 
about  4  inches.  Then  put  tive  scoops  of  live  coal  on  top  at  bridge  wall,  as 
shown  in  Fig.  6,  and  close  lire  door  with  damper  open.  Fire  will  burn 
from  back  to  front  with  much  less  smoke  by  this  method  than  by  any 
other. 

When  fire  has  covered  entire  grate,  push  fuel  bed  towards  rear  anil 
fill    front   of    grate    with    fresh    coal    to    about    one-half    the    height    of    the 


Fig.  6 — Method  of   St.^rtixg  Fires. 

furnace.  This  should  be  left  undisturbed  until  mostly  coked.  Crack  door 
and  use  blower.  Shove  coked  coal  back  and  repeat  operation  as  often  as 
necessary  to   raise   steam. 

In  all  operations   where   fire  is  disturbed,  give   fire   a  little   air   through 
doors   and   use   blower. 

BURXIXG  POCAHONTAS  COAL 

This    fuel    cakes   quite    easily   and   to   get    the    required    steam    must    be 
broken   up   occasionally    from   the   top ;   use   a   rake   or   hoe. 

BLOWING   FLUES 

Flues  should  never  be  blown   in  the   Chicago   river. — Mr.   Moxxett  and 
Mr.  Oyster. 
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Profitable  Sharing  vs.  Profit  Sharing 

Ev  E.  P.  Ror.iiRTS. 

INTRODUCTION. 

"Profit  Sharing"  implies  an  actual,  or  anticipated,  profit  or 
surplus,  to  share,  and  the  term  is  usually  applied  to  the  sharing 
of  the  net  profits  of  a  business  by  capital  and  labor.  In  some 
cases,  certain  classes  of  labor,  especially  unskilled  labor,  does  not 
participate. 

It  might  seem  that,  logically,  it  should  imply  a  sharing  of 
losses.  Practically  it  does  not;  and  cannot,  because  labor  cannot 
await  the  future. 

Returns  to  capital  may  be  negative,  zero,  or  positive. 

Returns  to  labor  must  be  positive. 

"Profitable  Sharing"  is  the  sharing  of  an  accomplished  gain. 
It  is  a  positive  result.  The  gain  may  be  only  a  reduction  of 
cost  of  a  single  element  of  total  cost,  and  whether  or  not  there 
is  finally  a  surplus  for  distribution  to  capital  is  not  a  factor. 

For  "Profitable  Sharing"  capital  furnishes  not  only  the  usual, 
or  customary,   facilities,  but  also  special  opportunity. 

Labor   furnishes  the  usual   eft'ort   and   extra   effort. 

Each  participates  in  the  benefit  resulting  from  special  oppor- 
tunities and  special  efforts,  and  receives  a  share  of  the  earned 
increment. 

Profit  Sharing  industrial  organizations,  as  above  defined,  have 
not  been,  as  a  rule,  permanently  successful.  Personality,  hope 
and  trust  have  been  factors,  which  have  given  a  measure  of  suc- 
cess, but  failure  is  probable  when  the  basis  is  not  fundamentally 
correct. 

Profitable  Sharing  is  the  basis  which  has  been  most  successful, 
and  if  it  is  correct  fundamentally,  and  the  writer  believes  that 
it  is.  then  continued  and  permanent  success  can  be  anticipated. 

Capital  and  Labor  as  Antagonists: — 

That  there  is  war  between  capital  and  labor  is  a  fact.  Such 
warfare  is  no  longer  of  the  spasmodic,  guerilla  type,  but  is  sys- 
tematically and  intelligently  planned  and  prosecuted.  Moreover, 
those  not  actively  enrolled  as  members  of  either  party  are  seri- 
ously affected  by  the  warfare. 

War  is  an  economic  waste.  A  man  who  is  selling  certain 
supplies  may  not  so  consider  it ;  though  even  his  additional  ex- 
penditures, taxes,  etc.,  due  to  the  war,  may  exceed  his  special 
profits  resulting  therefrom.  Economic  waste,  however,  is  a  term 
of  general,  rather  than  personal,  character,  and  though  frequently 
it  is  necessary  to  think  in  general  terms,  it  is  also  often  advisable 
to  appeal  to  the  individual. 
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"War  is  Hell",  for  each  side.  It  injuriously  affects  each 
member  of  each  side  during  the  time  of  preparation  for  war,  its 
active  prosecution,  and  for  many  years  after  it  ceases.  It  also 
injuriously  affects  neutral  nations. 

As  capital  and  labor  are  each  necessary  to  the  other,  why 
should  they  be  at  war? 

Each  possesses  that  which  the  other  needs. 

Each  is  willing-  and  anxious  to  exchange,  barter,  or  trade 
that  which  he  possesses  for  a  portion  of  the  possession  of  the 
other. 

To  such  extent  as  either  party  is  dissatisfied,  open  rupture 
and  war  is  probable.  Dissatisfaction  results  in  preparation  for 
war,  storing  ammunition  and  supplies,  and  a  readiness  to  take 
offense. 

Property  Purchase  : — 

After  a  purchase  of  property  is  consummated,  the  degree 
of  satisfaction  of  either  party,  or  both  parties,  may  be  immaterial, 
the  incident  is  closed. 

Working  Coxtract: — 

A  continuing,  or  working,  contract,  which  at  any  time,  or  at 
all  times,  each  party  may,  or  does,  desire  to  break,  does  not 
possess  the  one  element  essential  for  permanency,  viz :  the  desire 
by  each  party  for  its  continuance. 

If  one  feature  of  the  agreement  is  that  a  benefit  to  one  will 
be  accompanied  by  a  benefit  to  the  other ;  or.  to  state  it  dift'erently, 
a  beneficial  result  obtained  by  one  will  automatically  be  partici- 
pated in  by  the  other;  then  the  probability  of  permanency  is 
greatly  increased. 

Unit  : — 

Although  economic  principles  can  be  best  presented  in  gen- 
eral terms  and  without  reference  to  the  individual,  but  it  is  the 
individual  who  must  be  considered  ultimately,  and.  therefore,  the 
individual  is  the  real  unit. 

Fundamental  Basis  of  Action  : — 

Why  does  the  individual  do  a  certain  thing  or  refrain  from 
doing  it?  The  answer  certainly  is,  that  the  individual  expects 
to  benefit  by  the  action,  and  to  obtain  a  positive  benefit  from  a 
positive  action ;  or  a  negative  benefit ;  that  is,  to  avoid  loss ;  from 
a  negative  action.  The  individual  endeavors  to  obtain  to  a 
maximum  degree  that  which  he  desires,  and,  therefore,  self-inter- 
est is  the  controlling  principle. 

The  foregoing  use  of  the  word  "self-interest"  does  not  imply 
that  the  person  desiring  to  accomplish  a  certain  object,  either 
wishes,  or  is  willing,  to  do  so  to  the  detriment  of  others. 

Self-interest    implies    that    in    which    the    nerson    is    primarily 
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interested.  It  docs  not  imply  selfishness,  which  includes  lack  of 
reg-ard  for  the  rights  or  well-being-  of  others. 

J'ossibly  self-preservation  pins  self-advancement  describes 
the  attitude  of  each  party  when  considering  the  advisability  of 
entering  into  a  commercial  contract. 

It  is  of  prime  importance  that  capital  and  labor  should  co- 
operate on  a  fundamentally  correct  basis  and  then  honestly  live  up 
to  the  agreement,  or  even  without  dependence  upon  honesty  to 
have  it  to  the  advantage  of  each  that  the  agreement  be  continued 
in  operation. 

An  agreement  on  a  basis  that  does  not  take  human  nature 
into  account,  or  in  other  respects  is  not  fundamentally  correct, 
lacks  the   elements   of   permanency. 

The  foundation  is  not  the  entire  structure,  but  the  super- 
structure must  be  on  a  proper  base. 

\Velf.\re  Work  : — 

The  writer  desires  to  state  that  he  believes  in  "welfare  work" 
in  connection  with  industrial  org-anizations,  and  also  believes 
that  the  inspiration  for  the  introduction  of  benefits  to  employes 
is  frequently  philanthropic  rather  than  financial,  but  it  is  the 
intention  of  this  article  to  deal  with  the  strictly  business  aspects 
of  the  relations  between  capital  and  labor,  and  to  such  extent  as 
"welfare"  is  touched  upon,  to  consider  it  entirely  with  reference 
to  its  earning  value.  Welfare  work  conducted  on  a  man-to-man 
basis  tends  to  health  and  contentment  and.  therefore,  to  perman- 
ency of  force,  and,  therefore,  it  pays.  If  on  a  paternal  basis,  or 
a  semi-charitable  and  semi-everything-else  basis,  it  may  be  worse 
than  useless. 

Elements  or  Factors  in  the  Synthesis  and  Analysis  of  an 
Industrial  Organization  :— 

1.  Capital  is  the  money,  or  equivalent  investment,  required 
to  furnish  the  facilities  necessary  to  place  the  industrial  enter- 
prise in  operation.  The  owners  of  capital  can  be  considered  as 
the  agents  for  capital.  If  they  are  actively  engaged  in  the  bus- 
iness, they  are  also  "Labor",  and,  therefore,  their  functions  are 
dual,  and  should  be  so  considered.  "Labor"  includes  all  workers, 
either  mental  or  physical,  skilled  or  unskilled  and,  therefore,  it 
includes  even  the  members  of  the  Board  of  Directors,  who, 
theoretically,  are  employed  by  the  owners  of  the  capital  invested 
to  labor  in  behalf  of  all. 

For  the  purpose  of  this  article,  the  author  considers  the 
divisions  "Capital"  and  "Labor"  more  satisfactory  than  that  ad- 
vised by  some  writers  on  the  subject,  viz:  "Capital",  "Em- 
ployer"   and   "Labor". 

2.  Capital  and   Labor  are  necessary  to  each  other. 

3.  Self-interest  is  the  underlying  principle  applied  by  each 
party   when   negotiating  a   contract. 

4.  "Capital"   is  the  purchaser — "Labor"    the   seller. 
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5.  "Capital"  plans  for  the   future — "Labor"   for  the  present. 

6.  "Capital"  can  afford  to  wait  for  returns — -"I^abor"  cannot. 

7.  A  "Capital"  and  "Labor"  contract  is  a  continuing,  or 
working,   contract. 

8.  Capital  is  under  no  obligation  to  invest,  but  having 
done  so,   it  cannot   obtain   results   without  labor. 

9.  In  an  industrial  organization,  capital  and  labor  must 
together  overcome  an  outside  opposing  force,  xh :  Whatever 
prevents   the   sale  of   goods — inertia   of   market,    competition,    etc. 

The  two  forces,  capital  and  labor,  have  a  combined  maximum 
when  they  pull  exactly  in  the  same  direction.  It  should  be  noted 
that  this   is  not  necessarily  equivalent  to  a   maximum    for   either. 

10.  Maximum  effort  of  an  individual  cannot  be  obtained 
without  maximum  compensation ;  maximum  compensation  cannot 
be  paid  unless  maximum  results  are  obtained. 

n.  ^laximum  eft'ort  of  the  individual  is  obtainable  by  mak- 
ing his  compensation  dependent  upon  the  results  he  obtains. 

12.  The  more  subordinate  the  position  of  the  individual,  the 
greater   becomes   the    importance    of   the    following    factors : 

"A" — X'ecessity  for  frequent  pay. 

"B" — Necessity   for   immediate  receipt  of  all  that  is 

due. 

"C" — Necessity    for    pay    based    on    results    obtained 

bv  the  individual,  and.   in  decreasing  degree,  on  the 

results  obtained  by  the  management. 

13.  Requirements    for   permanency. 

Pav  based  on  earnings,  rather  than  pay  irrespective  of  earn- 
ings  and  a   gift   added,   makes    for   permanency. 

The  greater  the  desire  by  labor  for  permanency  of  employ- 
ment under  all  the  conditions,  including  that  of  opportunity,  the 
greater  the  assurance  of  dividends  for  capital. 

14.  To  formulate  the  proper  conditions,  and  to  maintain 
them,  generally  require  a  change  of  habits  of  thought,  and  of 
action.  Habits  are  not  readily  changed,  on  the  part  not  only  of 
labor,  but  also  of  the  representative  of  capital. 

Perfection  must  not  be  expected. 

15.  Some  one  has  stated  that,  "It  is  easy  to  float  down 
stream,  but  that  it  takes  a  strong  man  to  swim  against  the  cur- 
rent." 

Wisdom  as  well  as  strength  are  required,  and  it  may  be  the 
part  of  wisdom  to  land  on  the  bank  and  wait  for  the  current  to 
lessen,  or,  possibly,  for  the  tide  to  reverse,  and  to  recuperate 
while  waiting.  Or  it  may  be  better  to  float  down  the  stream 
and  endeavor  to  find  a  branch  where  the  current  is  less  strong, 
but  which  will  lead  to,  or  at  least  toward,  the   desired  point. 

16.  To  make  progress,  along  any  line,  is  similar  to  practice 
in  gunnery,  in  wliich  it  is  vital — 
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"A" — To   hm>c   a   target. 

"P>" — To  aim  accurately.     This  requires  clear  vision. 
Range  finders  may  assist. 

"C" — That   the   gun   is   properly    designed    and    con- 
structed for  the  work  to  be  done. 
"D" — That  the  ammunition   is   suitable. 

17.  Capital  purchases  everything  but  labor  on  minimum 
specifications  prepared  by  the  purchaser. 

It  usually  purchases  labor  on  maxinuun  specifications  pre- 
pared by  the  seller. 

Why  should  not  results  be  purchased  and   sold? 

Coal  is  often  purchased  on  the  basis  of  what  it  can  do,  if 
properly  handled.  A  bonus  is  paid  for  excess  of  useful  elements, 
and  if  it  is  below  standard,  it  may  be  rejected,  or  a  deduction 
made  at  greater  than  the  bonus  rate.  Why?  Because  to  handle 
ash  and  clinkers  requires  additional  investment  and  operating 
expenses.  In  fact,  if  the  efficiency  is  not  up  to  a  certain  mark, 
the   fuel   is  practically   worthless. 

If  coal  has  15  per  cent  ash  and  clinkers,  freight  has  to  be 
paid  on  the  15  per  cent.  It  has  to  be  handled;  it  clogs  the  grates 
and  consequently  the  air  supply  may  be  so  reduced  that  even  the 
good  portion  of  the  coal  will  not  burn  efficiently ;  more  boiler 
capacity  is  required  (more  capital  invested),  and  the  ashes  and 
clinkers  must  be  removed. 

Evidently  the  bonus  above  standard  may  be  at  an  increasing 
rate  (comparable  with  differential  system  for  paying  labor),  or 
if  the  coal  is  below  standard,  it  may  be  rejected. 

Apply  the  principal  to  labor. 

If  coal  is  purchased  by  the  ton,  it  is  equivalent  to  paying 
labor  by  the  hour. 

If  it  is  purchased  on  the  basis  of  its  productive  value,  with 
deduction  for  "dead"  or  injurious  ingredients,  then  the  basic 
standard  is  equivalent  to  the  base  output  for  a  premium  or  bonus 
system  ;  if  it  is  above  standard,  the  excess  price  or  premium  for 
additional  value  is  equivalent  to  the  premium  paid  labor. 

If  it  is  below  standard,  the  coal,  or  the  labor,  is  rejected. 

(Note. — See  later  statement  herein,  relative  to  various  sys- 
tems of  payment.) 

18.  View  Point  of  the  Man  at  the  Top: — 

Frequently  it  is  stated  that  the  man  on  a  mountain  has  a 
broader  view  than  the  man  in  the  valley,  and  an  analogy  is  drawn 
between  such  conditions  and  those  of  the  man  at  the  top  of  a 
business  organization,  as  compared  with  the  condition  of  sub^ 
ordinates. 

Are  not  the  facts  as  follows? 

The  man  who  climbs  the  mountain  and  reaches  the  top,  can 
see  beyond  the  valley.  He  may  not  only  look  over  the  valley, 
but  also  overlook  the  valley.  In  some  cases,  when  he  reaches  the 
top,   fog  obscures   the   view,   or  he   may   climb   above  the   clouds, 
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and  although  potentially  in  a  position  to  see  everything,  he  act- 
ually sees  nothing.  If  a  telescope  is  used  to  study  details,  the 
broad  view  is  lost.  The  greater  the  magnifying  power  of  the 
telescope,  the  less  the  area  in  view.  A  general,  or  bird's  eye 
view  is  desirable  in  order  to  ascertain  relative  position  and  im- 
portance, and  it  can  be  preceded,  or  usually  preferably  followed 
by  a  study  of  details.  If  the  man  at  the  top  tries  to  keep  a 
broad  view  and  at  the  same  time  to  study  details,  success  is  im- 
probable, and  the  general  view  will  probably  be  sacrificed.  More- 
over, the  man  at  the  top  can  only  study  details  at  long  range 
by  using  a  telescope,  or  if,  in  order  to  investigate,  he  descends,  he 
loses  time  and  energy. 

It  is  important  that  the  man  at  the  top  of  a  business  organ- 
ization should  have  a  broad  comprehensive  view,  though  someone 
must  examine  details,  and  bring  the  results  to  him. 

Generally  speaking,  the  higher  the  position  reached  by  the 
individual,  the  clearer  is  his  vision  as  to  matters  which  his  eye 
has  become  trained  to  see.  Visual  selection  is  evident  along  many 
lines,  and  specialization  frequently  results  in  greatly  increased 
power  or  facility  to  see  certain  objects,  and  loss  of  perception  of 
others,  even  though  in  the  same  field  of  vision. 

The  ability  to  decide  as  to  comparative  values  may  be  lost. 

Some  persons  become  color  blind. 

The  geologist  and  the  botanist,  when  obtaining  their  pre- 
liminary training,  both  see  the  same  objects  in  the  same  field ; 
later  they  will  not. 

Frequently  a  person  high  in  authority  may  have  an  acute 
rather  than  a  broad  vision,  or  when  looking  toward  the  objective 
point,  may  use  such  a  high  power  lens  as  to  obtain  great  detail, 
iDut,  consequently,  limiting  the  field  of  vision. 

The  man  on  top  considers  that  he  is  "it"  and,  possibly,  that 
the  man  at  the  bottom  is  an  "it". 

The  average  employe,  skilled  or  unskilled,  is  not  only  a 
human  being,  but  is  a  good  deal  more  of  a  man  than  many  of 
those  high   in   authority   appreciate. 

The  man  on  top  considers  that  the  man  below  is  not  grateful. 
\Miy  should  he  be?     Has  he  not  earned  all  that  he  received? 

He  complains  that  the  man  below  will  not  trust  him.  Why 
should  he?     Has  trust  been  earned? 

Does  not  the  man  below  read  about  contractors  and  labor 
unions  co-operating  to  keep  other  contractors  out  of  a  specified 
territory?  Possibly  he  has  read  about  lawyers  being  engaged  to 
get  around  the  law.  Is  there  any  reason  why  labor  as  a  class 
should  trust  the  representatives  of  capital  as  a  class.  Confidence 
must  be  earned. 

The  man  at  the  top  complains,  and  justly,  that  a  contract 
with  labor  is  one-sided,  and  that  he  never  can  be  sure  that  a 
strike,  direct  or  indirect,  may  not  ruin  him  because  of  change 
of  labor  conditions  from  those  anticipated,  or  agreed  to  when 
he  accepted  a  contract.  He  desires  labor  organizations  to  incor- 
porate and  complains  because  they  object.  The  request  is  reason- 
able,  but   what   would   he   do   under   the   same   conditions?      Does 
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he  endeavor  to  obtain   laws  wliich  he   considers   injurious  to  him? 

He  complains  because  labor  unions  put  every  member  on  the 
same   plane. 

Does  not  capital   d)  the  same  when   it  pays  by  the  hour? 

He  complains  of  the  inefficiency  of  labor.  What  has  he 
done  to  make  efficiency  the  basis  of  pay? 

He  may  tend  to  consider  that  all  trusts  are  good,  or  "reason- 
able" Trusts,  except  labor  trusts,  or  unions,  which  he  considers 
bad  trusts.  Is  he  not  in  any  and  every  trust  he  can  get  into? 
Why  were  labor  unions  formed?  Why  do  they  exist?  Have 
thev  not,  as  a  rule,  been  at  least  as  beneficial  and  managed  with 
as  "much  respect  for  the  law  as  other  trusts? 

What  reason  has  the  man  on  top  to  view  compulsory  arbitra- 
tion with  enthusiasm? 

Does  not  labor  frequently  make  an  exorbitant  demand  with 
the  expectation  that  a  board  of  arbitration  will  "split  the  diiTer- 
ence"  ?     Is  that  arbitration  ? 

If  labor  is  "received  in"  by  capital,  rather  than  "taken  in",  will 
not  mutual  interest  in  the  one  organization  to  which  both  of  them 
belong  lessen  antagonism  between  the  two  organizations  (Manu- 
facturers' Association  and  Labor  Union),  which,  at  least  to  some 
extent,  each  joined  in  orfler  to  obtain  protection  from  the  other." 

Is  not  the  person  highest  in  authority  morally  bound  to  be 
especially  careful  that  his  actions  are  on  a  high  plane  and  above 
suspicion  ? 

Will  not  one  dishonest  and  untrustworthy  "man  on  top"  do 
more  harm  than  can  be  overcome  by  ten  men  who  deal  fairly  and 
squarely  ? 

Is  there  any  wonder  that  there  are  socialists  and  even 
anarchists  ? 

If  you  have  worked  in,  or  close  to,  the  ranks,  and  not  for- 
gotten ;  or  if  you  have  honestly  investigated  the  facts  ;  then  your 
answer  must  be  that  distrust  on  the  part  of  labor  is  only  to  be 
expected,  and  can  only  be  overcome,  as  to  any  individual,  or  col- 
lection of  individuals,  by  making  a  reputation  for  living  up  to  the 
spirit  and  letter  of  an  agreement,  and  tJus  fakes  time. 
Obedience  ma\  be  obtained  by  the  use  of  force. 
Confidence   must  be   earned. 

19.        \'lEW    POIXT    OF    THE    MaXT    AT    THE    BOTTOM  : 

AMiat  will  I  gain  by  hustling?  The  enmity  of  my  fellows  to 
myself,  and.  worse  yet,  to   my  family. 

Wdiy  should  I  do  more  than  the  low  limit?  If  the  company 
has  work,  it  will  keep  me  on;  if  it  has  not.  will  it  not  discharge  me? 
\\'hat  does  the  boss  know  about  my  work,  or  any  extra  effort  I 
may  make?  The  foreman  has  favorites  who  stand  first  chance, 
if  thev  have  his  good  will,  and  my  "best  bet"  is  to  stand  in  wdth 
him. 

What  chance  have  I  with  this  company  for  increased  wages 
or  advancement?  What  is  the  history  of  the  company  in  such 
respect  ? 
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The  company  officials  may  be  all  right  now,  but  how  do  I 
know  when  they  will  be  changed? 

This  new  scheme  of  the  company  may  be  o.  k.,  but  guess  I 
will  go  slow  about  it.  How  do  I  know  what  thev  really  mean 
to  do? 

Speed  us  up  and  then  cut  us  down?"     It  has  been  done. 

The  company  is  an  "it"  to  its  employes,  and  this  attitude  of 
impersonality  is  fostered  by  some  executives. 

20.  View  Point  of  the  Max  Climbing: — 

Evidently  this  is  constantly  changing.  To  a  climber,  the 
principal  point  is  whether  he  will  be  allowed  to  climb,  whether 
aids  or  obstructions  will  be  offered  him,  and  whether,  if  he  "makes 
good",  he  will  be  inade  good. 

21.  Team  Work  vs.  Co-Operaton  and  Co-Ordination  : — 
Team   \\'ork  : — 

It  seems  to  the  writer  that  the  comparatively  recent  use  of 
the  term  "team  work"'  as  applied  to  co-operative  efforts  between 
the  various  units  of  a  large  and  complex  industrial  organization, 
may  have  been  prodv:ctive  of  some  harm  by  having  given  rise  to 
a  misconception.  In  most  cases  the  use  of  the '  term  has  been 
helpful,  and  it  is  a  more  convenient  and  inthnate  phrase,  than 
"esprit-de-corps",  but  the  very  fact  that  it  is  more  intimate  is 
the  reason  whv,  as  sometimes  used,  it  is  of  questionable  applica- 
bility. 

A  "catch"  phrase  may  be  helpful,  but  if  its  application  ex- 
tends far  beyond  the  limits  of  the  conception  which  ordinarily 
arises  in  the  mind  when  the  term  is  used,  then  it  may  be  harmful 
and  give  rise  to  incorrect  deductions. 

One  definition  of  a  team  is  "several  animals  hitched  together 
to  draw  a  load".  In  a  team  of  such  character  maximum  efficiency 
is  obtained  when  each  unit  of  the  team  has  similar  characteristics. 
For  example : — A  team  of  horses  will  do  its  best  work  when  each 
horse  has  the  same  strength  and  also  the  same  natural  or  acquired 
rate  of  speed.  If  the  units  of  the  team  have  different  character- 
istics, then  the  maximum  efficiency  will  be  obtained  bv  dividing 
the  team  into  smaller  units  and  hitching  together  those  of  one 
class.  If  one  horse  is  unhitched  and  used  to  draw  a  load  between 
the  same  places  as  before  and  for  the  same  purpose,  is  such  horse 
still  "in  the  team"? 

By  expansion  the  term  has  been  applied  to  athletic  teams,  but 
in  "relay"  teams,  and  some  others,  the  result  obtained  is  the  sum 
of  the  individual  efforts,  and  only  to  a  slight  degree,  if  at  all,  the 
result  of  co-oporation. 

An  analogy  is  frequently  drawn  between  the  various  units  of 
industrial  organizations,  and  the  units  of  a  foot  ball  team,  but  the 
relations  of  the  units  of  a  foot  ball  team  are  exceedingly  intimate 
and  the  efforts  of  each  and  all  are  directed  toward  reaching  a 
certain  goal,  and  generally  the  efforts  are  largely  simultaneous. 
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It  might  be  noted  that  the  efforts  of  the  units  must  be 
directed  by  one  controlHng-  brain,  and  this  feature  will  later  be 
noted  at  greater  length,  but  the  point  to  which  attention  is  now 
directed   is   the  intimacy   of  the   relation. 

Under  industrial  conditions  it  seems,  to  the  writer,  to  require 
an  undue  stretch  of  imagination  to  consider  the  salesman  on  the 
road,  the  bookkeeper  in  the  office,  the  machinist  in  the  shop,  and 
the  laborer  unloading  coal,  as  members  of  the  same  team. 

A  college  has  numerous  teams  and  each  endeavors  to  win  for 
the  glory  of  Alma  Mater.  The  general  object  is  the  same  and 
all  are  members  of  the  same  body,  and  enjoy  a  far  more  intimate 
relationship  than  do  the  individuals  of  a  large  industrial  organiza- 
tion, nevertheless,  no  one  refers  to  team  work  between  members 
of  the  foot  ball  team  and  members  of  the  chess  team. 

Co-Operatiox  and  Co-Ordination  : — 

Co-operation  and  co-ordination  between  departments  and  in- 
dividuals are  requisite  in  order  to  obtain  success,  but,  in  the 
author's  opinion,  the  term  "team  work"  should  be  applied  only 
to  those  intimately  associated  in  an  effort  to  obtain  a  certain 
specified  result ;  the  credit  for  obtaining  this  result  being  shared 
by  all.  If  it  is  possible  for  one  set  of  men  to  obtain  such  result, 
and  then,  or  later,  to  have  the  credit  or  benefit  taken  away  by 
some  other  set  of  men,  then  the  two  sets  are  not  members  of  one 
team.  Advancing  the  ball  is  a  step  towards  a  goal,  obtaining  a 
goal  is  a  credited  result.  The  factory  end  of  a  manufacturing 
organization  endeavors  to  manufacture  cheaply.  If  the  selling 
force  cannot  sell  the  goods  the  factory  is  instructed  to  make,  then 
the  factory  operators  should  not  be  penalized. 

21.      Type  of  Perfection: — 

Is  not  the  type  of  perfection  the  perfect  and  complete  indi- 
vidual  unit  ? 

An  omnipotent  brain  in  an  omnipotent  body  would  be  far 
more  efficient  than  an}-  combination  of  individuals,  but  because 
omnipotence  does  not  exist,  an  eft'ort  is  made  to  lessen  inefficiency 
and  inadequacy  by  co-operation. 

If  a  foot  ball  captain  could  see  and  foresee  everything  and 
could  instantaneously  instruct  each  and  every  member  of  the 
team  as  to  what  to  do  and  when  to  do  it,  better  results  would  be 
obtained.  It  should  be  noted  that  time  is  lost  in  transmitting  the 
signals  necessary  for  even  the  desired  co-operation. 

An  autocratic  and  perfect  ruler  would,  in  many  respects,  be 
preferable  to  a   democratic  government. 

Such  a  business  organization  as  a  stock  company  endeavors 
to  approach  perfection  by  having  a  board  of  directors,  who  form- 
ulate policies,  supervise  general  operation,  etc.,  and  the  result  is 
transmitted,  in  as  nearly  perfect  form  as  obtainable,  to  the  brain 
of  the  general  manager,  who,  in  turn,  transmits  it,  at  the  proper 
times  and  with  adequate  instructions,  to  the  working  members  of 
the  body. 
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The  type  of  perfection  for  the  general  manager  and  the  work- 
ing body  is  unity.     One  brain,  and  obedience. 

Actual  requirements  necessitate  sub-brain  centers  connected 
with  the  main  brain,  each  receiving  general  and  issuing  detailed 
instructions. 

Analogies  may  be  helpful  or  harmful,  depending  upon  how 
used;  in  no  case  is  it  wise  to  follow  an  analogy  so  closely  and  so 
far  as  to  lose  sight  of  the  main  proposition. 

22.      Payment  for   Labor   Considered  from   View   Point 
OF  Self-Interest  of  Each  Party  : — 

\Miat  have  been  some  of  the  plans  for  payment? 

1.  Pay  based  on  time;  hour,  month  or  year.  Why  should 
such  basis  succeed?  What  incentive  does  it  ofifer,  especially  to 
those  of  the  class  usually  designated  by  the  term  "labor"? 

It  does  offer  an  incentive  for  combination  of  labor  against 
capital,  and  also  capital  against  labor.  A  victory  for  either  party 
is  temporary,  and  the  result  is  constantly  increasing  cost  to  pro- 
duce, and  economic  waste.''' 

It  merely  gives  labor  a  chance  to  exist,  with  a  very  evident 
and  immediate  penalty  in  case  of  failure,  and  only  a  slight  and 
distant  prospect  of  reward  in  case  of  being  so  successful  as  to 
reach  a  higher  class;  a  100,  or  1,000  to  one  chance  for  common 
labor   (physical  or  mental),  and  not  vastly  better   for  skilled. 

Until  data  is  obtainable,  upon  which  to  predetermine  a  rate 
based  upon  results,  the  time  basis  may  be  necessary.  It  is,  how- 
ever, a  fact  that  frequently  more  data  is  available  than  is  realized ; 
as  a  new  job  does  not  have  to  be  identical  with  one  for  which 
records  are  available,  especially  if  such  records  are  properly  sub- 
divided as  to  unit  actions,  or  processes. 

For  unusual  work,  temporary  jobs,  etc.,  time  basis  is  gen- 
erally preferable.  In  all  cases  whilst  payment  is  being  made  on 
a  time  basis,  records  should  be  kept  in  such  form  as  will  be  help- 
ful if  a  "result"  basis  should  be  installed  later.  A  mere  record- 
ing of  gross  and  net  results  will  prove  of  little  value. 

2.  Pay   Based  on  Results  Obtained  by  the  Entire  Or- 

ganization : — 

"A" — Profit  Sharing. 

"B" — Co-Operatize    Companies. 

"C" — Opportunities   to  Purchase  Stock. 

"A" — Profit  Sharing: — 

As  generally  applied,  the  term  indicates  that  the  net  profits 
of   the   business    are    to   be    shared   by   all    employes,    or,    in   some 


^Recently  a  number  of  books  and  magazine  articles  have  dealt  in  detail 
with  the  various  plans  for  payment.  A  short,  but  comprehensive  descrip- 
tion, by  A.  B.  Roberts,  appeared  in  the  Journal  of  the  Cleveland  Engineer- 
ing  Society,   March,    1911. 
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cases,  by  all  above  a  specified  grade  or  by  all  those  in  the  employ 
of  the  company  a  specified  time. 

Although  many  industrial  organizations  have  started  and  con- 
tinued on  this  basis  with  fair  success,  many  have  failed.  The 
writer  considers  the  basis  fundamentally  incorrect,  and,  therefore, 
if  such  is  the  fact,  permanent  success  should  not  be  expected. 

It  is  a  fact  that  its  application  is  difficult,  not  only  to  plan, 
but  especially  to  continue  in  operation  on  a  permanent  basis. 

One  party  is  in  control,  and,  therefore,  is  subject  to  suspicion. 

Capital  properly  builds  for  the  future ;  labor  necessarily  for 
the  present,   or  immediate   future. 

Capital  has  the  whip-hand ;  and  its  agents  and  its  policy  may 
change. 

It  is  difficult  to  obtain  the  confidence  of  labor  and  easy  to 
lose  it. 

As  labor  must  live,  it  must  receive  a  living  wage ;  it  cannot 
share  losses.  During  good  times,  it  forgets  the  previous  bad 
times  for  capital ;  and  why  should  it  remember  them  ?  It  may 
have  been  worse  for  labor  than  for  capital. 

Employes  are  changing,  and  the  employe  of  today  is  only, 
or  at  least  primarily,  interested  in  the  conditions  of  today.  Why 
should  he  be  otherwise  interested? 

"B" — Co-Operative  Companies: — 

In  some  cases,  the  compensation  to  capital  and  to  each  em- 
ploye has  been  based  entirely  upon  profits  obtained ;  in  other  cases, 
unskilled  labor  has  been  paid  a  fixed  amount  plus  a  percentage 
of  the  profit,  or  the  former  only. 

A  few  establishments  of  the  above  character  have  been  suc- 
cessful, though  generally  for  a  limited  period.  Failure  has  fre- 
quently resulted  because  of  the  limited  vision  and  lack  of  experi- 
ence of  those  lov/est  in  the  scale,  the  result  being  that  the  business 
management  has  not  been  sufficiently  compensated,  or  lias  been 
unwisely  hampered.  To  spend  the  surplus  obtained  during  good 
times,  or,  when  the  plant  is  new,  is  natural  and  it  requires  such 
self-denial  and  knowledge  of  commercial  conditions  as  are  not 
possessed  by  most  men  in  the  ranks. 

The  rank  and  file  who  elect  a  captain  are  very  liable  to  resent 
his  orders,  and  not  to  submit  to  discipline.  In  a  sense  he  is  their 
servant.  The  "referendum"  and  "recall"  are  of  questionable 
applicability  to  a  fighting  organization.  An  industrial  organiza- 
tion is  fighting  for  business. 

This  article  deals  primarily  with  manufacturing  organizations 
rather  than  with  mercantile,  or  distributing,  companies.  The 
growth  of  co-operative  mercantile  companies  in  Europe,  especially 
in  England,  has  been  rapid,  and   is  an  interesting  study. 

"C" — Purchase  of  Stock  : — 

Some  companies — notably  the  United  States  Steel  Corpora- 
tion and  the  International  Harvester  Co. — have  offered  employes 
special    opportunities    to    become    owners    of    stocks,    and    thereby 
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become,  in  feeling,  "one  of  us".  The  purchase  bein_^  on  the 
deferred  payment  plan  makes  it  practicable,  and  it  is  claimed  that 
the  plan  has  been  productive  of  greater  permanency  of  force  and 
of  personal  interest  in  the  company,  its  property  and  its  results. 
Prompt  adjustment  of  accident  claims  on  a  fair  basis,  old  age 
pensions,  and  similar  features  of  welfare  work  are  also  in  opera- 
tion in  such  companies,  and  each  and  all  are  of  value.  These 
companies  do  not  claim  that  such  features  are  gifts,  but  rather 
opportunities  offered  as  part  compensation  and  in  addition  to 
regular  wages ;  in  other  words,  that  the  benefits  are  earned  by  the 
participators,  and  that  furnishing  them,  benefits  the  company. 

In  the  writers's  opinion,  the  factor  of  prime  importance  is  the 
basis  of  the  cash  payment. 

Payment  in  the  form  of  opportunities  of  the  class  termed 
"welfare  work"   is   secondary. 

Opportunity  for  advancement  is  in  a  class  by  itself,  and  is  of 
great  importance. 

3.      Pay  Based  on  Results  Obtained  by  the  Individual: — 

"A" — Factory  productive  labor;  physical  labor; 
skilled  and  unskilled    (or  common)    labor. 

"B" — -Factory  supervision — superintendent  and  fore- 
man. 

"C" — Factory  clerical  force,  draftsmen,  etc. 

"D" — Selling  force. 

"E" — General   manager. 

"F" — Directors,  executive  officers,  etc. 

(Xote: — Section  12  might  be  referred  to  as  introductory  to 
the  following.) 

"A" — Factory  Labor: — 

Piece  rate,  differential,  premium  and  bonus  systems  are  all 
efforts  to  base  pay  on  results,  and  have  the  following  underlying 
principles,   in   addition  to   those   previously   stated. 

Presuming  that  the  shop  investment  (or  the  rent,  if  the 
building  is  leased)  remains  unchanged,  then  if  the  output  can  be 
increased  the  percentage  of  total  cost  which  is  represented  by 
shop  investment  is  lessened  per  unit  of  output. 

The  speeding  up  of  men  and  tools  will  require  the  invest- 
ment of  time  and  money  to  start  right,  and  may  somewhat,  or 
even  materially,  increase  the  clerical,  inspection  and  supervision 
costs. 

Labor  cost  is  such  a  large  percentage  of  total  cost,  and  the 
inspection,  supervision  and  clerical  cost  in  connection  therewith 
is  such  a  small  percentage,  that  the  latter  can  be  increased  a  large 
percentage  to  advantage  if  it  results  in  even  a  slight  percentage 
reduction  in   labor  cost. 

In  order  to  "speed  up",  an  incentive  is  offered  in  the  form  of 
"extra"  or  additional  compensation  for  "extra"  effort.  Such 
"extra"  compensation  is  less  than  the  total   saving,  and  is,  there- 
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fore,  beneficial  to  the  man  who  provides  the  opportunities  as  well 
as  to  the  man  who  does  the  work. 

The  basic  idea  of  each  of  the  above  systems  is  that  in  order 
to  obtain  the  best  results  for  capital,  the  worker  should  be  paid 
a  varying  amount  depending  upon  the  result  he  obtains,  and, 
therefore,  he  will  do  his  best,  and  capital  will  also  benefit. 

The  fact  is  also  appreciated  that  no  one  will  continually  do 
his  best  unless  in  some  way  his  extraordinary,  or  more  than  nor- 
mal efiForts  will  receive  compensation. 

The  fact  is  appreciated  that  each  employe,  skilled  or  unskilled, 
mental  or  physical  laborer,  must  receive  as  a  minimum  wage  an 
amount  equal  to  that  which  the  rank  and  file  in  his  class  receive 
for  the  same  class  of  work  when  paid  by  the  hour. 

Also,  inasmuch  as  each  additional  employe  necessitates  addi- 
tional capital  investment,  in  order  to  furnish  facilities  and  work 
for  such  employe,  therefore,  if  such  employe  accomplishes  more 
than  the  standard  task,  capital  is  benefited. 

If  the  foregoing  statements  are  accepted,  it  follows  that  it 
is  fundamentally  correct  to  make  it  to  the  interest  of  an  employe 
to  do  more  than  the  normal  task  by  making  him  a  participator  in 
the  earned  increment  which  he  produces. 

Piece  Rate  : — 

For  a  standard  uniform  product,  piece  rate  is  frequently  ap- 
plicable and  advisable.  It  gives  labor  an  incentive,  and  capital 
an  increased  output  per  dollar  invested,  therefore,  each  party 
benefits. 

It  requires  great  care  to  start  right.  Many  errors  have  been 
made  in  rate  setting,  and  are  sure  to  be  made  when  the  ordinary 
method,  or  lack  of  method,  is  followed.  The  usual  rate  setting 
is  largely  the  result  of  a  guess,  or  opinion,  and  not  determined 
by  careful  experiment  and  investigation. 

Reducing  rates  without  increasing  facilities  is  a  frequent 
source  of  friction,  and  not  infrequently  is  unjust,  and  it  is  so 
recognized  by  labor.  To  "speed  up"  for  the  benefit  of  both,  and 
later  set  a  new  standard  for  labor,  and  thereby  change  what  was 
previously  stated  to  be  an  acceptable  basis  of  participation,  re- 
quires, if  friction  is  to  be  avoided,  a  better  reason  than  the  state- 
ment that  labor  should  not  receive  more  than  a  certain  amount  per 
day.  A  reasonable  explanation  should  be  ofifered,  and  if  there  is 
none,  the  employer  must  be  prepared  to  take  medicine  of  the 
same  character  as  when  labor  breaks  a  contract.  When  it  is 
agreed  that  at  certain  periods  a  change  of  scale  wall  be  made,  the 
situation  is,  to  a  degree,  improved,  but,  in  any  case,  rate  setting 
should  be  taken  up  carefully  and  not  changed  without  a  reason 
that  will  stand  investigation. 

Diiterential,  premium,  and  bonus  systems  are  based  upon  the 
proposition  that  in  order  to  cover  all  costs,  and  possibly  also  to 
obtain  a  specified  return  on  the  investment,  it  is  necessary  that 
unit  labor  costs  of  each  kind  do  not  exceed  a  certain  amount  per 
unit  of  output,  such  cost  being  based  on  the  results  obtainable  by 
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paying  "going"  or  "standard"  day  wages.  The  "going"  wage 
is  made  the  base,  or  minimum,  wage,  and  to  such  extent  as  any 
individual  laborer  increases  his  output  above  the  standard  he  is 
paid  a  part  of  the  resulting  saving. 

These  systems  differ  in  important  respects,  but  the  general 
intent  of  each  is  the  same,  and  each  has  the  advantage,  as  com- 
pared with  a  piece  rate  basis,  that  it  is  less  liable  to  cause  trouble 
because  of  incorrect  rate  setting. 

Each  is  liable  to  require  more  clerical  work  than  piece  rate, 
but  the  total  wages  of  the  additional  clerical,  inspection,  rate  set- 
ting and  production  department  forces  are  usually  only  a  small 
fraction  of  the  resulting  gain. 

To  double  a  department  cost,  such  as  the  production  depart- 
ment (which  possibly  is  only  2  per  cent  of  total  cost),  and  thereby 
reduce  tot^l  cost  10  per  cent  (or  far  more),  is  undoubtedly  wise, 
nevertheless,  in  practice,  it  is  a  serious  stumbling  block  to  some 
managers  and  directors. 

"B" — Factory    Supervision,    Superixtexdext    axd    Fore- 
men' : — 

As  these  men  are  not  directly  productive,  but  directly  super- 
vise production,  increased  incentive  to  obtain  decreased  manufac- 
turing cost  can  be  based  on  decreased  labor  cost  per  unit  output 
of  the  force  supervised. 

In  the  case  of  the  superintendent,  participation  in  the  profits 
of  the  business  may  be  an  additional,  or  sole,  incentive,  especially 
if  he  is  in  touch  with  trade  demands  and  may  invent,  design,  or 
in  any  manner  produce  new  or  improved  articles  which  may  be 
"winners". 

"C" — Clerical  Force,  Dil\ftixg  Force,  Etc.  : — 

Salary  plus  opportunity  for  advancement  is  usually  the  best 
basis. 

A  bonus,  or  a  participation  in  profits  of  the  business,  may  be 
paid,  but  recognition  of  effort  and  results  by  increased  pav  is 
generally  sufficient  to  obtain  maximum  eft'ort,  especially  if  it  is 
accompanied  by  fair  treatment. 

"D" — Selling  Force: — 

The  commission  basis,  in  whole,  or  in  part,  is  quite  customary. 

"E" — Gexeral  Maxager: — 

Payment  based  largely  on  profits  of  the  business  is  logical, 
and  usually  desired,  and  desirable. 

"F" — Directors,  Executive  Officers,   Etc.  : — 

To  such  extent  as  they  are  investors  their  returns  are  neces- 
sarily based  on  results.  Because  the  results  they  obtain  may  not 
be  based  on  the  profits  of  the  business,  but  rather  on  manipula- 
tion, or  the  sale  of  the  entire  business  at  a  profit  (or  loss),  etc., 
is  one  reason  why  subordinates'  pay  for  extra  effort  should  not  be 
on  a  similar  basis  to  that  of  capital. 

The   salaries  of   executive   officers,   whether   fixed,   or   a   fixed 
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amount  plus  a  variable  dependin,:^  upon  the  net  profits,  are  prac- 
tically dependent  upon  the  map^nitude  of  the  investment,  or  inter- 
ests at  stake,  as  well  as  upon  the  interest  earned  on  the  capital. 

3.      Success    for    Capital,    with    Resulting    Success    for 
Labor  : — 

The  objective  point  of  capital  is  maximum  net  returns  without 
impairment  of   capital. 

A  manufacturing-  organization  has  several  general  depart- 
ments, such  as  manufacturing,  selling,  and  general  administration. 

The  manufacturing  department  is  primarily  interested  in  the 
cost  of  manufacture.  Manufacturing  cost  is  labor  and  material 
(prime  cost)   plus  factory  overhead  charges. 

Reduction  of  manufacturing  cost  may  be  obtained  by : 

1.  Increasing  gross  output,  which  will  result  in  lessening 
overhead  cost  per  unit  as  long  as  such  increased  output  is  main- 
tained. 

2.  Purchase  of  new  tools,  thus  increasing  the  output  per 
individual  and  thereb)-   reducing  labor  cost  per  unit. 

3.  If  raw  material  can  be  purchased  cheaper  it  will,  of 
course,  reduce  manufacturing  cost,  but  a  really  large  percentage 
of   saving  in  this   manner   is   seldom   possible. 

4.  Labor  cost  may  be  reduced  by  cutting  wages,  or  by  in- 
creasing efficiency  of  labor  and  thus  reducing  the  labor  cost  per 
unit  of  production.  This  last  method  is  the  one  wdiich  frequently 
has  been  neglected,  and.  nevertheless,  which  generally  will  pro- 
duce the  greatest  net  results.     This  is  "intensified  production". 

A  study  of  manufacturing  organizations  includes  a  studv  of 
the  possibility  of  development  of  new  tools,  appliances,  methods 
of  operation,  etc.,  to  obtain  better  results,  or  to  lessen  the  manu- 
facturing cost,  or  both.  It  also  includes  a  study  of  the  possibility 
of  developing  new  or  improved  articles  for  sale.  An  analysis  of 
the  market  and  of  the  selling  department,  and  finally  of  the  gen- 
eral   administration,    is    also    required. 

Analysis  of  losses  is   frequently  of  great  value. 

It  is  also  important  that  the  market  conditions  be  accurately 
ascertained  and  analyzed,  including  the  study  of  such  matters  as — 

What  the  selling  price  has  been  and  what  it  is. 

In  what  markets  the  salesmen  have  been  most  successful. 

The  profits  or  losses  on  various  classes  of  goods. 

The  possibility  of  developing  existing  markets. 

The  possibility  of  new  markets. 

The  possibility  relative  to  marketing  new  classes  of  product, 
usually  allied  to  those  already  manufactured. 

What  the  competitors  have  done. 

23.  As  this  article  is  relative  to  labor,  it  will  be  closed  by 
presenting  an  example   of   "Profitable   Sharing". 
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EXA^IPLE. 

Total    cost    of    goods    sold    annuallv,    including    sell- 
ing costs    ' $100,000.00 

Total  received  for  goods   sold 106,000.00 

Capital   invested    $100,000.00 

Surplus   6,000.00 

Rate — 6  per  cent. 

Labor  30  per  cent  of  total  cost 30,000.00 

Profitable  Sharing  : — 

If  labor  is  reduced  to  such  extent  that  it  would  equal  a  re- 
duction of  20  per  cent  of  former  labor  cost,  if  paid  at  the  old 
rate,  and  if  one-half  the  resulting  saving  be  paid  to  labor,  then 
the  actual  resulting  saving  to  capital  will  equal  10  per  cent  of 
$30,000.00,  or  $3,000.00. 

The  surplus  then  becomes — $9,000.00. 

Rate — 9  per  cent. 

An  increase  of  50  per  cent  for  capital. 

The  labor  under  the  new  conditions  is  only  80  per  cent,  num- 
erically considered,  of  that  formerly  required  to  obtain  the  same 
output,  and  labor  would  have  obtained, 

At  the  old  rate— $24,000.00  ; 

and  now  obtains— $27,000.00, 
an  increase  of  $3,000.00,  which  equals  12^^  per  cent. 

If  in  the  above  the  capital  is  all  represented  by  stock,  then 
the  stockholders  benefit  in  the  amount  and  ratio  of  income  stated. 
If,  however,  one-half  the  capital  is  borrowed  at  6  per  cent,  on 
bonds  at  par,  then  the  bond  interest  must  be  paid  before  the 
stockholders  obtain  any  benefit.  The  stockholders'  risk  is,  there- 
fore, increased,  but  also  the  possible  benefit,  and,  on  the  other 
hand,  the  stockholders  may  lose  all  their  investment  if  the  bus- 
iness does  not  succeed  and  the  property  is  sold  to  satisfy  the 
mortgage.  Evidently  labor  should  not  be  afifected  by  the  financ- 
ing plan,  and,  therefore,  under  this  condition  the  labor  benefit  is 
exactly  the  same  as  under  the  first  condition,  but  the  stockholders 
benefit  in  an  increasing  amount   and   ratio. 

It  should  be  noted  that,  although  in  the  foregoing  example 
the  division  of  the  "earned  increment"  is  assumed  as  divided 
equally  between  capital  and  labor,  nevertheless,  the  rate  of  in- 
crease for  capital  is  in  a  far  great  ratio  than  for  labor. 

This  might  be  claimed  as  unfair  by  those  who  claim  that 
there  is  a  fair,  equitable,  arbitrary  and  fixed  division  of  profits 
between  capital  and  labor,  but,  even  if  such  were  the  fact  (which 
the  author  does  net  believe  is  the  case),  nevertheless,  it  is  a 
generally  accepted  principle  that  the  one  who  takes  the  greater 
risk  should,  in  case  of  success,  reap  the  greater  benefit. 

A  business  investment  is  more  or  less  of  a  risk,  and  the 
degree  of  risk  is  generally  somewhat  in  proportion  to  the  hoped- 
for  returns.  The  man  who  conceives  and  risks,  dares  and  wins, 
should  be  considered  as  having  some  special  rights,  but  even  to 
put  it  on  the  plane  of  selfishness,  the  public  cannot  expect  to  ob- 
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tain  the  advantages  which  may  accrue  to  it  as  the  result  of  skill, 
daring  and  risks,  unless  it  gives  the  person  who  initiates  and 
risks  a  chance  to  obtain  something  more  than  if  he  had  put  his 
money  into  a  Savings  Bank  and  his  ability  into  cold  storage. 
The  exercise  of  ability  may  be  worth  far  more  to  the  develop- 
ment and  to  the  public  than  the  investment  of  cash. 

24.  CoxcLusiON : — 

Self-interest  is  the  controlling  factor  in  making  an  agreement, 
and  continuing  to  work  thereunder. 

Capital  initiates? 

Capital  desires  maximum  returns  without  impairment  of 
property. 

Capital    requires    labor. 

To  obtain  maximum  results  from  labor,  capital  must,  broadly 
speaking,   satisfy   labor. 

Labor  of  all  kinds  and  any  kind,  mental  or  physical,  will 
trade  average  effort  for  average  returns,  and  extra  eft'ort  for 
extra  returns. 

The  extra  returns  must  be  considered  as  earned,  not  as  gifts, 
whether  paid  in  cash  for  work  done,  advancement  because  of 
results  accomplished,  or  partly  in  the  form  of  advantages  of  such 
character  as  termed  "welfare  work". 

The  cash  payment  is  to  the  average  worker  the  feature  of 
prime  importance.  Any  feature  which  tends  to  contentment  with 
conditions,  and,  therefore,  to  permanency,  and  also  which  increases 
health,  and.  therefore,  ability  to  work,  is  of  great  importance. 

There  is  no  inherent  reason  why  the  basis  of  proHtable  shar- 
ing should  be  the  same  for  all  classes  of  employes,  from  directors 
to  common  labor.  Payment  according  to  results  obtained  by  the 
individual  is  desirable,  to  as  great  a  degree  as  practicable. 

The  laborer  in  the  shop  can  only  affect  his  own  output ; 
therefore,  his  pay  should  be  based  on  same. 

The  man  "at  the  top"  affects  all  results ;  therefore,  his  pay 
should  be  based  on  the  net  results  of  the  business. 

25.  The   Superstructure: — 

Before  closing,  I  desire  again  to  call  attention  to  the  fact  that 
the  foundation  is  of  prime  importance,  but  it  is  not  the  whole 
structure. 

"Self-interest"  may  be  considered  as  a  cold-blooded  basis, 
but  how  can  the  basis  of  the  contract  be  otherwise?  Capital  is 
one  party  thereto  and  is  merely  active  wealth  and  is  inherently 
soulless,  and  also  that  which  it  purchases  is  defined  in  terms  of 
time  or  results,  more  or  less  concrete,  and  not  in  terms  of  senti- 
ment. 

So  much  for  the  basis,  but  the  relations  between  the  human 
beings  who  are  respectively  the  agents  of  capital  or  of  brain  or 
physical   energy,  are   affected  by  sentiment. 

If  it  is  granted  that  self-interest  is  the  controlling  factor 
when  entering  into  a  contract  and  for  continuing  to  operate  under 
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same,    nevertlieless,    there    are    times    of    stress    when    sentiment 
may  even   control. 

The  writer  certainly  believes  that  the  application  of  the 
highest  qualities  of  the  mind  and  heart — justice  and  kindness — 
on  the  broadest  basis  is  necessary  if  the  maximum  result  is  to  be 
obtained,  not  only  results  to  humanity,  but  also  to  the  specific 
business. 

1.  Is  the  basis   of  the  agreement. 

2.  Each  party  should  do  his  part — up  to  the  letter  of  the 
contract — justice,    legally   considered. 

3.  A  broad-minded,  manly  justice,  which  recognizes  not 
only  the  letter,  but  also  the  spirit  of  an  agreement,  and,  some- 
times, even  goes  farther  and  recognizes  that  changed  conditions 
justly  demand  modification,  or  reconsideration,  of  a  legally  en- 
forcible  agreement. 

4.  The  calling  into  service  of  all  the  highest  attributes  of 
manhood  will  bring  beneficial  results  to  any  organization.  Men 
who  are  men  will  obtain  loyalty,  and  loyalty  in  an  industrial  or- 
ganization is  as  essential  as  in  an  army.  A  live  industrial  organ- 
ization is  a  fighting  organization,  and,  therefore,  internal  dissatis- 
factions, jealousies  and  dissensions  must  be  injurious. 

5.  Though  financial  consideration  must  be  taken  into  ac- 
count by  the  representative  of  capital,  nevertheless  there  is  some- 
thing higher  and  finer  than  earning  money  dividends.  There  are 
many  men  who  desire  to  earn  dividends  not  only  for  themselves, 
but  for  all  those  with  whom  they  are  associated,  and  who  have 
the  real  and  permanent  good  of  all  at  heart.  The  basis  of  a 
legally  enforcible  agreement  must  be  sordid — the  practice  need 
not  be. 


Discussion 

W.  S.  Stoxe  :— 

I\Ir.  Chairman  and  gentlemen,  I  don't  want  to  get  started  on 
the  labor  problem.  It  is  too  late  in  the  evening.  But  I  don't 
agree  with  the  fundamental  statement  of  the  gentleman  who 
addressed  you,  that  is.  that  there  is  a  war  between  capital  and 
labor.  There  is  no  such  war.  Capital  is  simply  labor  stored  up 
and  utilized.  Each  is  dependent  upon  the  other.  Neither  can 
exist  without  the  other.  Therefore,  there  is  no  war  between 
capital  and  labor. 

Neither  do  I  agree  with  his  statement  in  regard  to  much  of 
this  welfare  work.  I  think  a  large  number  of  us  stumble  at  the 
word  "welfare  work",  and  I  think  it  is  a  misnomer.  So  much  of 
this  w'clfare  work  reminds  me  of  trying  to  bail  out  a  leaky  boat 
instead  of  stopping  the  leaks.  I  think  if  we  would  handle  the 
labor  problem  differently,  we  wouldn't  need  so  much  welfare 
work. 

Ill 


Reg-arding  the  question  of  efificiency,  I  know  that  is  one  of 
the  late  fads.  You  know  we  have  these  things  in  cycles.  Every- 
thing now  is  efficiency.  The  Brotherhood  of  Locomotive  Engi- 
neers has  stood  for  efficiency  for  the  last  forty  years,  and  I  be- 
lieve the  records  of  the  organization  will  bear  out  my  assertion. 
But,  is  it  not  a  fact  that  the  American  workman  of  today  pro- 
duces more  than  any  other  working  man  of  like  class  in  the 
world?  I  think  he  does.  Isn't  it  also  a  fact  that  we  are  speed- 
ing up  the  machine,  that  the  cry  is  constantly  faster,  faster? 
And  what  is  the  result?  We  are  simply  throwing  men  on  the 
scrap  pile  at  an  age  where  they  used  to  be  at  their  best,  and  it  is 
all  due  to  this  cry  of  efficiency. 

The  great  trouble  with  our  efficiency  is  that  the  Supreme 
Power,  when  he  created  man,  endowed  him  as  a  human  being, 
with  all  a  human  being's  faults  and  whatever  else  goes  with  it. 
He  didn't  make  him  a  machine  guaranteed  to  make  so  many 
revolutions  and  produce  so  much  a  day,  and  the  time  never  will 
come,  although  it  is  a  beautiful  theory,  when  every  man  will  be 
100  per  cent  efficient.  I  heard  a  gentleman  talk,  not  long  ago, 
'  before  a  large  audience  in  New  York,  and  he  had  a  very  beautiful 
theory,  which  was  to  double  the  output  of  the  whole  work.  His 
plan,  roughly  stated,  was  to  discharge  50  per  cent  of  the  em- 
ployes and  make  the  other  50  per  cent  do  the  work. 

The  greatest  trouble  in  the  labor  world  has  been  with  the 
piece-work  problem.  Our  locomotive  engineers  are  mostly  piece- 
w^ork  people.  The  trouble  with  that  system  in  the  shops  is  that 
you  will  always  put  in  some  men  who,  through  some  special 
efficiency,  can  produce  more  than  any  other  man  in  the  shop. 
He  becomes  a  pace-maker,  and  as  soon  as  he  produces  more  than 
the  employer  would  consider  the  normal  output,  he  immediately 
scales  down  the  wages ;  that  man  is  earning  too  much.  That  is 
what  has  brought  about  the  objections  to  the  piece-work  system 
throughout  the  country. 

Another  thing,  in  all  these  beautiful  plans  about  100  per  cent 
efficiency,  I  have  the  first  man  yet  to  tell  me  who  will  take  care 
of  the  man  that  is  not  100  per  cent  efficient,  never  can  be  and 
never   w'ill   be. 

I  believe  in  having  things  systematized,  but  in  my  experience 
in  handling  the  labor  problems  for  the  last  twenty-five  or  thirty 
years,  I  have  run  across,  occasionally,  too  much  system.  It  re- 
minds me  of  the  gentleman  who  put  in- a  new  filing  system.  The 
agent  came  around  two  or  three  weeks  later,  and  said,  "How  is 
the  new  filing  system  working?"  "Oh,  fine,  good,  good."  "How 
is  business?"  "Oh,  there  isn't  any  business;  it  takes  all  the  time 
to  look  after  the  filing  system."  That  is  true  of  some  of  our 
systematized  shops ;  they  systematize  clear  beyond  the  point  of 
economical   administration. 

The  labor  union,  in  some  form  or  other,  has  come  to  stav,  and 
in  some  form  or  other  employers  of  labor  will  have  to  reckon 
with  it.  It  will  probably  change;  it  is  gradually  changing  to 
meet   changed   conditions.      But  back   of   all   this   stands   this'  one 
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thing  (to  those  who  tight  against  labor  unionism  and  trv  to 
destroy  it),  first  of  all  I  am  an  American  citizen,  and  then  I  am 
a  labor  union  man — if  they  could  have  their  wish  and  destroy 
organized  labor,  I  know  of  no  worse  calamity  that  could  happen 
to  this  country.  All  that  stands  between  wealth  and  the  wave  of 
anarchy  that  would  sweep  over  it.  is  the  conservative  labor  unions 
such  as  I  represent. 


E.  E.  Raxney: — 

I  was  very  much  interested  in  ^Ir.  Roberts'  paper.  As  Mr. 
Stone  said,  we  are  all  spurred  on  in  the  present  day  by  the  ques- 
tion of  efificiency.  I  have  had  the  bee,  I  guess  you  might  call  it, 
of  trying  what  could  be  done  to  spur  on,  but  I  must  agree  with 
some  who  have  given  it  considerable  study,  that  we  don't  find 
all  people  100  per  cent  efficient.  And  I  imagine  that  we  have  got 
to  give  the  human  element  more  consideration  than  we,  in  our 
own  minds,  are  willing,  when  we  get  down  to  discuss  the  ques- 
tion, to  give  it.  I  expect  that  all  employers  of  a  large  amount 
of  labor  feel  that  it  is  necessary  to  try  to  elevate  the  efficiency 
of  the  force,  because,  as  we  gather  from  here  and  there  and  all 
over,  we  get  into  our  organizations  a  considerable  number  of, 
you  might  say.  unskilled  laborers.  With  us,  we  find  consider- 
able trouble  in  getting  individuals  to  work  up  to  even  85  per 
cent,  as  we  figure  it.  But  it  is  a  pretty  broad  problem,  and  not 
having  considered  the  discussion  of  the  individual  paper.  I  don't 
know  as  I  want  to  get  into  it  very  deeply.  In  fact.  I  am  not 
prepared  to. 


WiLLARD    BeAHAX  : 

I  am  not  at  all  qualified  to  speak  on  the  relations  of  capital 
and  labor.  I  have  always  been  a  laborer,  working  on  a  salary ; 
and  while  I  have  been  very  much  interested  in  the  paper.  I  do 
not  feel  qualified  to  discuss  it.  There  are  some  things  that  we 
talk  about  a  little  in  the  railroad  world  and  then  admit  that  we 
know  little  about  them  after  all. 

Aly  particular  work,  of  course,  is  handling  other  men  for  the 
company,  myself  one  of  the  employes.  I  am  aware  of  the  fact 
that  George  Stephenson,  the  father  of  engineering,  laid  down  this 
broad  law,  that  some  of  us  have  gotten  too  far  away  from,  that 
"The  highest  form  of  engineering  is  the  engineering  of  men." 
We  make  plans  and  compute  stresses,  we  design  various  things, 
but  as  engineers,  wc  have  gotten  entirely  too  far  away  from  the 
handling  of  men.  I  am  sure  the  engineers  here  tonight  will  agree 
with  me  in  that  we  have  turned  over  too  much  the  handling  of 
men  and  the  execution  of  the  work  to  some  superintendent  or 
foreman   whom   we  have  only   partially  trained. 
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I  am  one  of  those  old  fashioned  fellows,  although  I  was  born 
recently,  who  love  to  get  back  to  the  idea,  but  not  to  the  phrase, 
of  Master  and  Servant,  as  used  on  the  other  side  of  the  water. 
In  my  own  experience  in  handling  men,  which  has  never  run 
bevond  two  thousand,  and  generally  not  over  a  hundred  or  two, 
I  find  that  if  I  can  put  myself  in  the  place  of  the  master,  as  when 
we  used  to  have  apprentices,  I  get  on  better.  I  like  to  be  consid- 
ered a  kind  of  a  stepfather  to  the  men  working  under  me.  If 
they  have  trouble,  I  want  them  to  come  to  me,  and  always,  if  they 
borrow  money,  I  want  them  to  borrow  of  me.  I  have  never  lost 
a  dollar  in  the  world  which  I  expected  to  get  back.  When  the 
men  get  into  trouble,  I  want  them  to  come  to  the  "old  man" — 
it  is  a  pet  name  for  me,  and  was  before  my  hair  got  the  least  bit 
white.  I  like  them  to  have  that  attitude  toward  me.  I  want  to 
listen  to  their  troubles,  help  them  to  fight  their  battles,  stand  be- 
tween them  and  the  company  and  between  them  and  their  su- 
periors at  all  times. 

Some  will  tell  you  that  I  never  had  a  strike.  I  never  had  a 
strike  that  got  verv  far ;  I  always  had  friends  enough  in  the  force 
to  help  stop  it.  I  believe  in  treating  the  other  fellow  as  one  likes 
to  be  treated.  I  have  worked  engineer  parties  a  long  time  and 
under  very  trying  privations  and  dangers,  and  I  never  had  a  man 
quit  on  an  engineering  party.  I  never  had  a  man  on  those  parties 
ask  for  more  salary  or  for  less  work.  It  is  a  proud  fact  for  our 
engineering  profession  that  that  is  the  way  we  have  trained  men. 
I  do  feel  Ihat  if  we  can  get  back  to  that  old  idea  of  master  and 
servant,  or  the  old  man  and  the  boy,  as  we  used  to  be  when  the 
boss  paid  the  man  out  of  his  own  pocket,  we  would  all  be  better 
ofif.  If  we  could  in  spirit  get  back  to  that  old  idea  in  our  big  cor- 
porations, dividends  would  be  surer.  That  is  my  idea  of  the 
engineering  of  men.  With  that  system  the  efficiency  largely  takes 
care  of  itself. 

I  agree  perfectly  with  all  the  gentlemen  that  capital  is  simply 
accunmlated  labor  and  that  each  has  its  rights.  I  am  very 
sorry  that  the  rights  of  capital  have  not  in  recent  years  been  much 
respected,  nor  have  the  rights  of  labor  been  always  respected. 
But  the  average  American  can  be  trusted.  I  believe  in  him  very 
much,  and  so  long  as  we  have  the  right  to  vote  and  freedom  of 
speech,  these  things  will  adjust  themselves.  This  is  a  very  inter- 
esting and  a  very  critical  age.  Let  us  think,  talk  it  over  together, 
then  act. 


A.  J.  HiMES: — 

I  don't  see  why  the  chairman  should  call  upon  me  to  say 
anything  about  the  compensation  of  labor.  I  am  sure  he  never 
saw  me  work,  and  never  looked  at  my  hands  to  see  whether  they 
were  calloused.  Perhaps  having  no  experience  in  labor,  he  thinks 
I  am  better  qualified  to  talk  about  it.  If  not,  the  rest  of  you 
may  think  so  when  you  hear  what  I  have  to  say.      I  expect  you 
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to  say  of  my  remarks  that  they  are  ideal  and  impractical,  that 
is  what  is  always  said  of  any  new  application  of  science  to 
the  useful  arts,  but  I  expect  that  this  g;atherinor  of  professional 
men  will  listen  patiently  and  attentively  to  what  I  have  to  say. 

I  have  always  found,  in  approaching-  a  difficult  problem,  that 
the  prospect  for  its  successful  solution  was  much  brighter  if  one 
had  a  thorough  understanding  of  the  principles  involved.  It 
appears  to  me  that  in  the  compensation  of  labor  the  fundamental 
principles  are   Leadership.   Evolution  and   Kindness. 

Of  leadership,  I  would  say  that  all  human  society  is  divided 
into  little  groups,  colonies,  as  the  student  of  bacteria  expresses  it. 
The  astronomer  thinks  of  the  heavenly  bodies  rotating  about  a 
central  body,  each  in  turn  having  its  series  of  satellites,  down  to 
the  last  moon.  So  the  head  of  a  family  is  a  leader,  the  teacher 
is  a  leader,  the  preacher  is  a  leader,  the  foreman  is  a  leader,  the 
superintendent,  a  president,  a  mayor,  a  governor,  the  president 
of  the  United  States  is  a  leader.  The  foot  ball  coach,  an  officer 
of  the  army  or  navy,  or  a  king  is  a  leader.  A  very  clear  under- 
standing of  this  idea  of  leadership  can  be  secured  from  the  read- 
ing of  Carlyle's  "Heroes  and  Hero  Worship",  in  which  it  is 
pointed  out  that  all  mankind,  from  the  beginning  of  things  to  the 
present  day,  is  disposed  primarily,  inherently,  to  seek  out  and 
select  for  itself  a  hero,  someone  to  follow,  some  person,  some 
being  whom  he  would  seek  to  emulate.  This  element  of  leader- 
ship is  one  of  the  fundamental  principles  to  consider  in  dealing 
with   labor,  or  in   dealing  with   human   society. 

The  second  principle  is  that  of  evolution.  It  is  not  so  long 
ago  that  the  scientific  world  was  very  much  in  doubt  as  to  the 
correctness  of  the  principle  of  evolution  as  enunciated  by  Darwin. 
Today  I  believe  that  Darwin's  theories  are  quite  generally  ac- 
cepted in  the  scientific  world.  As  applied  to  a  solution  of  the 
labor  problem  or  the  relations  of  the  employed  to  the  employers, 
I  would  call  it  a  progressive  development,  limited  by  the  term 
of  life  of  the  average  individual.  I  remember  very  clearly  of 
reading,  when  a  boy,  a  book  which  was  written  by  a  preacher 
who  went  by  the  name  of  Adirondack  Murray.  Parson  Alurray 
was  the  discoverer  of  the  healthful  climate  of  the  Adirondack 
mountains.  He  spent  much  time  up  there,  and  recites  in  his 
book  many  conversations  which  he  held  with  his  g^uides  on  vari- 
ous trips  throughout  the  Adirondack  region.  I  remember  a 
particular  instance,  in  which  he  described  the  attitude  of  his 
guide  toward  the  development  of  his  family.  The  guide  ex- 
plained how  his  father  and  mother  had  been  pioneers  in  the  land, 
how  they  struggled  through  great  hardships  to  acquire  a  com- 
petence, and  were  able,  through  their  unusual  exertions,  their 
privation  and  their  hardships,  to  give  their  children  better  starts 
in  life  than  they  themselves  had  received.  And  the  guide  ex- 
plained how  he  in  his  turn  had  been  favored  by  fortune  and  was 
able  to  g-ive  his  children  a  still  better  start  in  life  than  he  had. 
Parson  Murray  said  that  was  the  ideal  condition  for  American 
citizenship.  That  is  progressive  development.  Each  American 
citizen  likes  to  do  a  little  better  today  than  he  did  yesterday,  and 
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a  little  better  tomorrow  than  he  did  today.  If  he  has  been  ac- 
customed for  a  long  time  to  smoking  five-cent  cigars,  he  likes, 
once  in  a  while,  to  smoke  a  ten-cent  cigar.  Maybe  he  aspires  to 
a  fifteen  or  a  twenty-five-cent  cigar ;  I  don't  know ;  I  don't 
smoke. 

This  progressive  development  is  one  of  the  fundamental  prin- 
ciples to  consider  in  dealing  with  the  problem  of  the  employer 
and  the  employed. 

The  third  principle  is  that  of  kindness.  The  law  of  kindness 
ought  to  be  a  scientific  law.  It  is  not  given  space  in  the  text 
books  in  technical  schools ;  perhaps  it  never  will  be,  but  it  is  true 
that  some  two  thousand  years  ago,  in  a  little  country  in  Asia, 
called  Palestine,  a  man  enunciated  a  law  which  has  ever  since 
throughout  the  civilized  world  been  accepted  as  the  acme  of, 
I  was  about  to  say  human  wisdom,  perhaps  Divine  wisdom,  and 
yet,  we  have  given  very  little  attention  to  making  use  of  this  law 
in  a  thoroughly  practical,  intelligent  and  scientific  manner.  I 
suspect  that  whenever  the  fertile  and  active  brain  of  the  tech- 
nically educated  yoimg  man  is  directed  toward  the  application 
of  this  law  to  the  same  extent  that  he  has  studied  and  sought  to 
apply  the  law  of  gravitation  as  enunciated  by  Newton,  some  very 
marvelous  results   will  ensue. 

Consider  for  a  moment  the  great  torrent  of  water  that  for 
countless  ages  has  poured  over  Niagara  Falls.  It  has  been  a 
grand  natural  spectacle,  a  source  of  wonder  and  awe  to  all  be- 
holders. Well,  after  the  introduction  of  the  art  of  printing  and 
the  occasional  discovery  of  some  great  scientific  truth  and  the 
wide  dissemination  of  scientific  knowledge,  there  was  loosened 
upon  the  face  of  the  earth  a  great  multitude  of  bright  and  active 
minds,  that  I  might  compare  in  a  way  to  what  escaped  from 
Pandora's  box.  They  are  actively  engaged  in  seeking  to  apply 
in  all  conceivable  directions  this  scientific  knowledge  which  has 
been  brought  forth  by  our  first  men.  And  finally  at  Niagara 
Falls  the  engineers  came  along,  and  built  an  intake,  with  head 
gates,  a  shaft,  a  wheel  pit,  and  a  tail  gate,  and  then  they  built 
a  tunnel  in  the  side  of  the  gorge  and  installed  a  set  of  electric 
generators.  Then  they  constructed  a  transmission  line  and  car- 
ried the  energy  developed  bv  the  generators  by  reason  of  the  law 
of  gravitation,  the  wonderful  force  which  we  term,  for  lack  of 
any  other  name,  electricitv,  conducted  this  force  himdreds  of 
miles  away  to  be  applied,  through  small  electric  motors  to  various 
mechanical    operations. 

Now\  this  long  process  of  thought,  which  finallv  has  brought 
forth  such  wonderful,  such  marvelous,  such  inconceivable  results, 
results  of  which  we  engineers  have  the  faintest  possible  concep- 
tion, have  verv  little  understanding — whenever  a  like  amount  of 
thought  and  energy  and  studv  has  been  expended  upon  the  appli- 
cation to  the  useful  arts  of  the  law  of  kindness,  I  think  that  the 
results  in  our  human  society  will  be  no  less  marvelous  and  won- 
derful than  those  which  are  following  the  utilization  of  the 
power  of  Niagara  Falls. 

So,   while   I   haven't   helped   out   in   any   way  those    who   seek 
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the  detailed  management  of  their  factories,  or  other  large  institu- 
tions where  great  masses  of  labor  are  employed,  I  have  pointed 
out  a  line  in  which  for  some  time  my  thought  has  been  running, 
and  in  which  I  look  for  future  great  developments.  It  is  true 
that  my  friends  in  Cleveland  haven't  seen  me  engaged  in  manual 
labor,  unless  they  happened  to  live  in  my  neighborhood  and  were 
awakened  early  last  winter  by  the  sound  of  the  axe  in  my  back 
yard.  I  like  to  swing  an  axe ;  there  is  a  great  deal  of  pleasure 
in  it — perhaps  because  I  have  to  do  it  so  seldom.  When  I  was 
younger,  I  sp^nt  some  time  in  agricultural  work,  and  I  never, 
on  any  occasion,  of  which  I  can  remember,  felt  that  it  was  in  any 
way  distasteful  or  uncongenial.  I  think  that  severe  physical  exer- 
cise is  a  joy  and  a  delight  to  an  active,  healthy,  strong  and 
vigorous  young  man.  He  may  have  other  ambitions,  he  may 
want  to  be  something  else,  but  the  utilization  of  his  surplus 
energy  is  always  a  pleasure  to  that  sort  of  a  man.  I  do  not 
think  that  our  American  citizens  despise  labor.  I  think  that  many 
times  they  feel  uncomfortable  because  others,  with  whom  they 
come  in  contact,  appear  to  despise  those  who  labor.  There  should 
be  a  revolution  in  our  social  affairs.  The  highest  honors  should 
be  given  to  those  who  labor  hardest,  those  who  struggle  most 
sincerely,  most  earnestly  and  most  strenuously  for  the  uplifting  of 
their   fellow   men. 


Robert  Hoffmann: — 

Mr.  President,  I  can  hardly  understand  why  the  chairman 
should  have  called  upon  me  to  take  part  in  a  discussion  on  profit 
sharing.  Like  others  attending  this  meeting,  my  connection  with 
labor  and  the  employe  has  not  been  of  the  type  that  admits  of 
the  consideration  of  any  profit  sharing,  since  the  disposal  of 
profits  does  not  fall  under  my  jurisdiction.  In  that  phase, 
municipal   engineers  differ  entirely   from   manufacturers. 

The  paper  of  the  evening  has  been  verv  interesting,  and.  of 
course,  any  one  who  has  others  in  his  employ  or  is  called  upon 
to  direct  the  work  of  others,  must  at  times  have  some  of  the 
thoughts  expressed  in  the  paper  on  "Profit  Sharing"  brought  to 
his  attention.  One  thought  especially  has  come  to  me,  and  prob- 
ably to  us  all,  and  that  is,  where  proper  interest  is  shown  bv  the 
employe  in  his  work,  and  there  results  certain  fruit  in  the  way 
of  profits  from  collective  labor,  all  who  participate  ought  to  share 
in  the  distribution.  There  is  a  great  difference  in  employes  ;  one 
will  manifest  an  interest  in  his  work,  another  scarcelv  any,  or 
none  at  all.  A  man's  time  is  paid  for  and  it  seems  he  should 
serve  his  employer  to  a  degree  which  is  right  and  just.  When, 
therefore,  an  employe  does  manifest  an  interest  in  his  work, 
shows  a  love  for  it,  and  is  willing  that  his  labor  should  result 
in  a  benefit  to  his  empIo}er,  he  certainly  should  receive  some 
consideration  other  than  that  given  to  the  ordinary  man  who  is 
satisfied  to  give  only  his  time  and  take  no  interest  in  his   work. 
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If,  therefore,  it  is  possible  to,  in  some  way,  measure  this  added 
interest,  it  seems  quite  logical  that  it  be  rewarded  by  an  allow- 
ance from  the  resulting  profits. 


E.  P.  Roberts: — 

Gentlemen,  the  paper  had  two  objects,  one  to  ascertain  what 
object  should  be  aimed  at;  the  other  was  to  present  a  paper 
which  you  gentlemen  could  shoot  at,  which  I  think  a  number 
have  done  admirably. 

I  made  a  few  notes.  One  of  the  gentlemen  stated  that  risk 
to  capital  was  of  the  past.  With  all  due  respect  to  the  gentle- 
man, if  he  were  endeavoring  to  promote  a  new  enterprise,  pre- 
sumably beneficial,  he  would  not  make  that  statement  so  broadly, 
or  at  least  would  qualify  it  in  some  degree.  At  the  present  time, 
to  a  very  large  degree,  capital  is  not  active ;  it  is  inactive  wealth 
and  is  not  earning,  and  it  is  almost  impossible  to  put  through  a 
new  enterprise.  Public  service  corporations  of  all  kinds  are  so 
uncertain  as  to  the  outcome,  so  uncertain  as  to  the  degree  of  reg- 
ulation which  they  are  going  to  have,  that  they  hesitate.  I  hap- 
pen to  know  personally  of  enterprises  in  several  states,  which 
are  tied  up  because  capital  is  afraid  to  invest.  It  is  very  difficult 
to  know  what  is  going  to  happen.  It  reminds  me  of  a  speech 
made  in  this  hall  last  winter  by  a  gentleman  who  went  from 
St.  Louis  to  study  conditions  in  Europe,  relative  to  accidents  in 
industrial  organizations,  and  the  point  was  brought  out  that  it 
was  not  necessarily  vital  to  know  that  an  employer  was  going  to 
be  held  liable,  but  of  prime  importance  to  have  the  degree  of 
damage  liability  fixed.  The  point  arose  in  connection  with  the 
plan  to  have  all  employers  and  employes  held  responsible  for 
accidents,  a  mutual  plan  with  governmental  control.  Employers 
would  then  know  what  the  conditions  would  be.  It  is  a  lack  of 
knowledge  as  to  what  the  regulation  is  going  to  be,  that  prevents 
the  public  service  corporation  today  from  making  the  improve- 
ments and  from  going  ahead  and  developing  new  properties.  1 
claim  most  decidedly  that  the  risk  is  not  of  the  past. 

Now,  relative  to  welfare  work,  one  gentleman  made  a  pretty 
strong  statement  against  welfare  work,  and  some  of  my  state- 
ments were  along  that  same  general  line,  and  I  believe  that  a  lot 
of  welfare  work  is  even  worse  than  useless.  It  is  a  namby- 
pamby  kind  of  paternalism,  and  is  not  needed,  but  some  of  it  is 
manly,  straightforward,  helpful  work.  That  labor  unions  have 
come  to  stay  was  another  statement  with  which  I  most  decidedly 
agree.  They  are  not  perfect.  The  manufacturers'  associations 
are  not  perfect.  Neither  are  perfect,  because  we,  as  individuals, 
are  not  perfect,  but  w^e  must  aim  at  perfection.  How  shall  we 
do  it?  It  seems  to  me  we  have  the  best  chance  of  winning  if 
the  basis  takes  into  account  human  nature,  and,  therefore,  I  sug- 
gested that  anything  but  altruistic  attitude,  that  of  self-interest. 
I  believe  that  even  if  we  follow  along  that  line,  far  better  results 
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can  be  obtained  than  are  usual  today,  but  no  one  need  stop  at  the 
foundation,   and   I  did  advise   cHmbing. 

Another  statement  was  made  relative  to  100  per  cent  effi- 
ciency. As  I  understand  the  proposition,  it  was  not  a  question 
of  100  per  cent  efficiency,  but  of  putting  the  wrong  tool  to  work. 
A  locomotive  engineer  might  object  if  the  fireman  was  jumped 
up  in  about  one  or  two  months  to  the  right-hand  side  of  the  cab 
and  one  would  not  expect  100  per  cent  efficiency  from  such  man 
in  such  position.  The  proper  procedure  is  to  pick  out  the  man 
suited  to  the  work  and  then  develop  him  so  he  can  do  that  work 
better,  if  he  can  be  developed  to  do  a  higher  grade  of  work,  then 
you  secure  something  still  better. 

One  of  the  speakers  made  a  statement  that  a  great  deal  of 
the  labor  is  only  from  30  to  50  per  cent  efficient.  We  know 
that  a  great  deal  of  labor  is  inefficient,  partly  because  there  is  no 
incentive  and  partly  because  there  is  no  proper  facility  or  equip- 
ment, and  often  because  there  is  no  adequate  instruction. 

Relative  to  the  statement  that  by  increasing  effieciency,  and 
therefore  the  work  would  be  done  by  fewer  men.  and  those  least 
competent  would  be  discharged  to  become  a  burden  upon  the  com- 
unity,  and  therefore  efficiency  was  not  desirable,  I  would  merely 
refer  to  the  history  of  improvements  and  the  generally  beneficial 
results.  That  improvements  are  sometimes  injurious  to  indi- 
viduals is  a  fact,  but  there  must  be  continual  advancement.  Pos- 
sibly I  did  not  understand  the  speaker  correctly,  as  I  do  not 
believe  that  he  would  object  to  improvements  in  machinery,  or 
in  methods,  or  along  any  other  line. 

A  statement  was  also  made  relative  to  kindness.  It  seems 
to  me  that  the  phrase  "Do  unto  others  as  you  would  have  them 
do  unto  you"  signifies  justice  fully  as  much  as  kindness.  Justice 
is  certainly  of  prime  importance,  not  merely  legal  justice,  but  just 
dealing. 

As  to  there  being  a  lack  of  knowledge  of  what  is  going  on 
in  manufacturing  establishments,  we  all  know  that  it  is  often 
true.  One  speaker  referred  to  a  peculiar  condition.  ]Mr.  Beahan 
also   referred  to   it. 

I  had  occasion,  some  little  time  ago,  to  investigate  a  manu- 
facturing plant.  The  officials  claimed  that  one  department  was 
losing.  An  examination  of  the  records  showed  that  the  overhead 
charges  were  improperly  distributed.  The  net  result  of  the 
investigation  was  that  that  department  was  making  a  higher  rate 
in  the  investment  than  any  other  department. 

Now  that  the  efficiency  engineers  have  been  having  an  oppor- 
tunity to  get  a  w^hack  at  it,  a  good  many  seem  to  think  that  they 
have  discovered  "efficiency".  There  has  been  a  rush  of  effi- 
ciency engineers  without  sufficient  experience  to  qualify  them. 
They  have  certain  principles  fairly  well  in  mind.  Thev  have 
the  card  system  and  other  equipment  features,  but  they  don't  see 
what  the  effect  of  rate  setting,  or  some  other  modification  of  a 
department  (which  may  be  all  right  in  that  one  department) 
will  have  on  the  whole  proposition.  Their  view  is  not  broad 
enough.     Another  trouble  is  that  when  these  men  are  competent. 
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they  don't  give  sufificient  time,  or  are  not  allowed  to  give  sufficient 
time,  or  are  not  compensated  sufficiently  to  give  it,  to  really  in- 
vestigate the  proposition.  There  is  too  much  hurry.  The  plac- 
ing of  an  efficiency  system  in  an  ordinary  manufactory  means  a 
lot  of  preliminary  work,  and  going  slow,  and  not  being  in  too 
much  of  a  hurry.      Get  your  aim  high,  but  go  slow. 

Not  long  ago,  I  was  in  a  factory  in  this  city.  The  super- 
intendent pointed  out  a  man  and  said,  "Now,  that  man  is  making 
'so  much'  a  day  at  the  piece  rate,  which  is  more  than  his  fore- 
man receives.  We  put  him  on  this  job  and  he  cannot  do  anything 
like  as  well  at  anything  else,  and  no  one  can  do  this  job  as  well 
as  he  can."  They  didn't  cut  his  rate.  The  superintendent  said 
they  took   their   medicine. 

In  a  certain  sense,  they  did  have  medicine  to  take,  and  in 
another  they  didn't.  They  were  perfectly  willing  to  continue 
his  pay,  but  the  result  was  that  everybody  else  complained.  Here 
was  a  comparatively  unskilled  laborer,  making  $4.00  or  $4.25  a 
day,  and  others  throughout  that  department  of  the  factory  ob- 
jected because  they   didn't   have  the  same   opportunity. 

Another  case  I  noted  in  New  York,  not  long  ago.  The  man 
who  set  the  piece  rate  did  it  after  careful  consideration  with  the 
superintendent  and  the  foreman,  and  they  stayed  down  one  or 
two  evenings  and  did  the  work  themselves.  Two  of  the  three 
men  were  competent  machinists.  Nevertheless,  when  they  set  that 
rate,  the  man  complained;  he  said,  'T  can't  reach  that  minimum." 
But  they  said,  "Go  ahead  and  try,  we  will  pay  you  the  minimum 
rate."  In  a  month  he  was  50  per  cent  ahead,  and  in  another 
month  he  was  100  per  cent  ahead.  It  made  trouble  in  the  fac- 
tory. It  showed  that  the  rate  was  not  a  desirable  rate  under  all 
the  conditions.  As  a  general  proposition,  that  is  about  what 
would   be   expected. 
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The  Relative  Economy  of  Gas  Engines 
and  Other  Sources  of  Power. 

By  J.  B.  Meriam. 

Perhaps  technically  the  purchase  of  a  kilowatt  of  current 
from  a  corporation  may  not  be  considered  as  a  source  of  power. 
Vet  it  is  a  means  of  obtaining-  energy,  and  should  be  considered. 

The  representative  of  a  corporation,  or  an  illuminating-  com- 
pany salesman,  as  he  is  usually  called,  will  tell  his  prospective 
customer  that  the  fuel  bill  will  be  a  very  small  part  of  the  cost 
of  his  private  power  plant,  and  that  he  must  add  to  this  6  per 
cent  interest,  and  from  15  to  20  per  cent  depreciation;  10  per 
cent  for  obsolescence,  a  percentag^e  for  overload ;  a  charg-e  for 
floor  space  used ;  a  share  of  the  general  manager's  and  the  super- 
intendent's salary,  3  per  cent  insurance,  oil.  waste,  water,  and  to 
he  safe  he  should  set  aside  a  sinking  fund  of  5  per  cent  to  cover 
cost  of  repairs,  and  liabilities  of  accident. 

If  his  statements  were  true,  few,  if  any,  could  afford  to  put 
in  their  own  power  equipment.  The  wise  factory  manager  will 
rather  ask  himself  "What  extra  charges,  that  I  have  not  already, 
will  there  be  if  I  put  in  my  own  plant. 

"I  must  hire  an  engineer,  but  he  will  be  worth  half  his  pay 
in  caring  for  the  elevators  and  other  machinery.  By  making  a 
better  arrangement  of  my  basement,  I  can  make  room  without 
extra  cost.  I  must  pay  my  superintendent  whether  I  put  in  a 
plant  or  not.  If  there  should  be  such  a  wonderful  invention  as 
to  make  my  engine  obsolete  and  worthless  within  a  few  years,  I 
will  be  but  the  better  oflf  for  it,  so  I  can  see  no  use  of  a  charge 
for  obsolescence.  I  can  borrow  money  at  6  per  cent,  and  there 
will  be  a  difference  between  my  running  expense  and  the  cost  of 
buying  current,  of  fully  30  per  cent  on  the  investment,  to  cover 
depreciation  and  profit."      He  will  surely  put  in  his  own  plant. 

There  are  certain  problems  to  be  solved  in  the  maintenance 
of  a  private  plant,  and  it  is  less  trouble  perhaps  to  purchase  the 
current,  but  there  are  often  advantages  in  the  private  plant,  which, 
although  incidental  are  worth  the  full  cost  of  operation. 

Particularly  is  it  worth  while  to  consider  the  fact  that  the 
private  plant,  when  used  for  lighting,  has  control  of  the  voltage 
or  quality  of  the  light. 

The  current  furnished  by  most  lighting  companies  varies  in 
voltage  with  the  rise  and  fall  of  the  power  load  curve.  Since 
all  customers  demand  light  at  the  same  period  of  the  day,  the 
quality  is  poorest  when  the  light  is  most  needed.  It  is  not  possi- 
ble to  raise  the  voltage  at  the  station  or  transformer  more  than 
a  very  limited  amount,  as  it  would  work  damage  to  those  nearest 
the   central   station.      When  the  voltage   drops   below   normal,   the 
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efificiency  of  the  lamp  is  greatly  lessened  so  that  the  customer 
does  not  receive  full  value  in  light  from  the  kilowatt  hours 
paid  for. 

The  owner  of  a  private  plant  may  regulate  this  voltage  of 
his  current  at  will  and  in  comparison  his  store  or  place  of  bus- 
iness will  appear  in  brilliant  contrast  to  that  of  his  neighbor. 
This  is  worth  very  much  by  way  of  advertisement. 

As  an  example  of  this  condition,  I  am  pleased  to  cite  the 
store  and  plant  of  the  Rhodes  Drug  Co.,  of  Youngstown,  Ohio. 
The  store  is  located  on  one  corner  of  the  Square.  The  private 
plant  consists  of  but  one  15-horsepower  twin-cylinder,  vertical 
gas  engine,  direct-connected  to  a  suitable  generator.  Not  only 
does  Mr.  Rhodes  brilliantly  light  his  own  store  with  his  engine, 
but  supplies  current  for  two  or  three  electric  signs,  the  revenue 
from  which  pays  the  entire  operating  cost  of  his  power  plant, 
which  is  but  a  few  dollars  per  month. 

Mr.  Rhodes  states  that  the  distinction  of  his  brilliantly  lighted 
place  of  business  is  in  itself,  as  an  advertising  medium,  worth  sev- 
eral times  the  total  running  cost. 

All  of  these  elements  should  be  carefully  considered  to  deter- 
mine whether  a  source  of  power  is  the  most  economical. 

Having  decided  to  install  a  power  plant,  the  next  question 
is  of  a  prime  mover  which  will  pay  the  best  returns  on  the 
money  invested.  V/e  have  to  select  from,  the  hydro-electric, 
steam  turbine,  steam  engine  and  gas  or  oil  engine.  Water  power 
is  ideal,  but  not  often  to  be  had  at  any  price.  The  steam  turbine 
is  more  suitable  to  large  installations,  and  the  question  lies  be- 
tween the  steam  engine ;  the  gas  engine,  and  the  purchase  of 
current. 

In  the  discussion  of  this  subject  tonight,  anything  which  may 
be  said  of  steam  engines  will  be  in  general  terms  only,  the  time 
being  devoted  to  some  of  the  accomplishments  of  gas  and  oil 
engines,  and  even  these  limited  to  power  plants  of  moderate  size. 

It  is  admitted  at  the  start  that  the  purchase  price  or  first 
cost  of  gas  engines  will  be  greater  than  that  of  steam-driven 
power  plants,  even  with  boilers  included.  Why  the  cost  should 
be  so  much  higher  is  the  most  common  question  asked  by  the 
prospective  purchaser,  and  it  is  w^orth  our  while  to  here  con- 
sider it. 

In  the  steam  engine  the  piston,  and  all  of  the  parts  for  the 
transmission  of  energy,  receive  two  impulses  at  each  revolution. 
In  the  single-acting  gas  engine  cylinder  (Fig.  1)  there  is  but  one 
impulse  for  tzco  revolutions.  It  is  then  true  that  in  the  develop- 
ment of  the  same  mean  effective  pressure,  four  cylinders  will  be 
required  for  the  gas  engine,  and  but  one  for  the  steam  engine. 

Other  things  being  equal,  the  cost  of  the  gas  engine  cylinder 
must  be  four  times  that  of  the  steam,  but  other  things  are  not 
equal,  and  are  still  to  the  advantage  of  steam.  To  secure  the 
same  mean  effective  pressure  in  the  gas  engine  cylinder,  the 
maximum  explosion  pressure  will  reach  fully  three  times  the 
boiler  pressure  of  the  steam  engine. 

Every   transfer   of   energy   entails   a   loss — in   the   steam   plant 
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Fig.   1. 


we  have  the  chinmey  losses,  radiation,  leakage,  latent  heat  of 
steam,  and  heat  of  exhaust,  so  that  we  are  able  to  obtain,  as  you 
well  know,  but  from  6  to  12  per  cent  efificiency. 

In  the  internal  combustion  engine  we  have  heat  lost  to  water 
jacket — 25  to  30  per  cent,  radiation  4  to  5  per  cent,  and  exhaust 
40  to  45  per  cent,  giving  a  net  economic  efficiency  of  from  20  to 
30  per  cent,  or  fully  twice  the  highest  efficiency  in  the  best  of 
steam  engine  practice,  and  from  three  to  six  times  as  good  as  is 
obtained  in  practice  where  non-condensing  steam  engines  of 
moderate  horsepower  are  used. 

There  is  perhaps  no  characteristic  of  the  gas  engine  more 
noteworthy  than  its  high  efficiency  in  small  sizes.  The  automo- 
bile, aeroplane,  or  small  motorcycle  engines  are  almost  as  efficient 
in  their  consumption  of  fuel  as  the  large  engines  of  1,000  horse- 
power  or   more. 

A  50-horsepower,   vertical   trunk   type  engine   will   give   a  unit 


Fig.  2. 


of  power  on  less  fuel  than  a   5,000-horsepower,   double-acting  gas 
engine. 

With  the  aid  of  the  stereopticon,  I  will  now  give  illustrations 
of  one  large  gas  engine  plant,  and  several  of  moderate  size  with 
brief  statements  of  cost  of  operation. 

Fig.  2  is  of  a  plant  installed  for  the  Milwaukee  &  Northern 
Railroad,  at  Port  Washington,  Wis.  The  engines  are  two  Allis- 
Chalmers,  1,000-kilowatt,  twin  tandem,  32x42,  at  107  revolutions 
per  minute.  These  engines  are  guaranteed  to  develop  a  maximum 
of  2,000  horsepower  each  on  producer  gas.  The  producers  are 
Loomis-Pettibone.  During  the  year  1909,  these  engines  delivered 
5.426,550  kilowatt  hours.  Although  this  shows  but  31  per  cent 
load  factor,  the  cost  per  kilowatt  hour,  including  interest,  depreci- 
ation, maintenance,  labor,  fuel  and  miscellaneous  expenses  was 
but   1.3  cents. 
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Fig.  3  is  the  Willard  Storage  Battery  Co.,  of  this  city.  This 
plant  consists  of  two  80-horsepo\ver  twin-cyHnder  engines,  one 
135-horsepower,  four-cylinder,  and  one  3()0-horsepo\ver,  four- 
cylinder  engine.  All  of  these  engines  are  vertical  trunk  type 
engines,  which  is  the  design  proven  to  be  the  highest  in  mechan- 
ical efificiency.  A  cross  section  through  a  single  cylinder  of  any 
one  of  these  engines  may  be  seen  in  Fig.   1. 

This  plant  operates  at  a  very  high  load  factor  and  it  is  quite 


Fig.  5. 


common  for  some  of  the  engines  to  have  operated  for  several 
weeks  at  full  rated  load  without  stopping.  This  is  quite  ideal 
for  economical  operation,  and  with  an  allowance  of  6  per  cent 
interest  and  10  per  cent  depreciation,  insurance,  labor,  water,  en- 
gine room  supplies,  fuel  (natural  gas  at  30  cents),  and  an  addi- 
tional charge  of  $25.00  rental  for  the  engine  room,  this  plant  is 
producing  current  at  less  than  seven-eighths  of  one  cent  per 
kilowatt  hour. 

Fig.  4  shows  the  plant  of  the  E.  R.  Thomas  Motor  Car  Co., 
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Buffalo,  N.  Y.  This  plant  consists  of  two  twin-cylinder  engines 
of  100  horsepower  each,  and  one  four-cylinder  engine  of  300 
horsepower.  As  in  the  plant  just  described,  these  engines  are 
all  direct-connected  to  generators.  This  plant  is  suppl\ing  cur- 
rent at  less  than  1  per  cent  per  kilowatt  hour,  but  its  load  factor 


Fig.  6. 


is  considerably  lower  than  the  one  previously  described.  Mr. 
Geo.  Bowmar,  chief  engineer  for  the  E.  R.  Thomas  ]\Iotor  Car 
Co.,  has  equipped  two  of  these  engines  with  exhaust  gas  hot 
water  heaters  of  his  own  design,  and  is  aft'ecting  very  great 
saving  in  his  coal   consumption   during  the   winter  months. 

By   means   of   this   exhaust   heater,   he   is    able   to   deliver   the 
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entire   supply    of    water    for   his   boilers   at    a    temperature   of   260 
degrees   Fahr. 

In  Fig.  5  is  shown  a  plant  installed  for  the  Xew  First  Na- 
tional Bank  building,  of  Columbus.  O.  This  is  a  four-cvlinder. 
100-horsepower  gas  engine,  direct-belted  to  a  four-stage  centri- 
fugal pump,  with  a  capacity  of  700  gallons  a  minute  against  a 
330-foot  head.  This  plant  replaced  an  electric  motor-driven 
triplex  pump  for  the  operation  of  hydraulic  passenger  elevators. 
The    cost    of    operating    these    elevators    when    electricallv    driven 
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at  3  cents  per  kilowatt,  was  $11. .SO  per  day.  in  spite  of  the  fact 
that  special  controlling  devices  had  been  installed,  so  that  an 
electric  motor  automatically  stopped  and  started  with  the  demand 
of  the  service. 

The  gas  engine  plant  was  installed  under  a  guarantee  that 
the  fuel  cost  of  operation  would  not  exceed  $1.50  per  day.  The 
plant  has  now  been  in  operation  three  or  four  years,  and  the 
average  cost  has  been  less  than  $1.40,  or  a  saving  of  over  $10.00 
per  day.      It  might  be  well  to  call  attention  that   in   the  operation 
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GAS  ENGINE   TEST 

BRUCE-MACBETH  ENGINE  CO., 

CLEVELAND,   O. 

VERTICAL  TYPE,  FOUR-CYLINDER,  13X16,  200-B.   H.   P. 
No.  577,  Nov.   15,   1910. 


*Efifective 
Cu.  Ft.      Gas    B.T.U.  Per 

Cu.  Ft.  Net  Gas        Per  B.H.P. 

Gas  Per     Rev.  Weight  Gas         Per      B.H.P.        at      B.T.U.  Per 

Hour  by    Per        on  Press.     B.H.P.     Cor-  Atmos.      B.H.P. 

Meter.     Min.  Scales.  B.H.P.       Hg.       Meter,  rected.  (14.4)   Guarantee. 

1,803       267       526       223.7       0.791       8.39       8.61  8,119.2        

(11.8   per  cent  overload.) 

1,785       268       501       213.9       0.791       8.7         8.83  8,326.7        

(5.2  per  cent  overload.) 

1,650       271       451        194.7       0.791       8.85       9.09  8,571.8       10,000 

(Full   load.) 

1.560       271       348       150.2       0.791      10.38     10.66  10,052.4       11,500 
(Three-quarter  load.) 

1,293       274       232       101.2       0.791      12.77      13.11  12.372.7       13,000 
(One-half   load.) 


*Atmospheric  pressure,   14.4  lb.,   assumed   normal. 


Data: — Brake  beam  radius=:100.375"i=8.364'. 

Brake   circumference=8.364' X2X3.1416=52.573' 
Beam  weight    forwardi=210  lb. 
back=138 

348 

Net    tare= =174  lb. 

2 


Gas  pressure   at   meter=109':|".   \vater=6.2  oz.^0.791"    hg. 
Temperature   gas   at   meter=70°. 
Effective   b.   t.    u.    per   cu.    ft.=943. 


Test  run  by  J.  B.  Meriam,  Bruce  Macbeth  Eng.  Co. 

Witnessed  and  certified  for  State 
Institution  for  Feeble  Minded  of 
Western   Pennsylvania,  by 

F.     H.     KiNDL, 

Con.    Eiigr.,    Pgli.,    Pa. 
Geo.    B.    Hayes, 

Engr.   for   State. 

Fig.  8a. 
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GAS   ENGINE  TEST 

BRUCE-MACBETH    ENGINE    CO., 

CLEVELAND,  O. 

VERTICAL  TYPE,  FOUR-CYLINDER,   13X16,  200-B.  H.   P. 
No.  578.   Dec.  9,   1910. 


Effective 
Cu.  Ft.      Gas    B.T.U.  Per 

Cu.  Ft.  Net  Gas        Per  B.H.P. 

Gas  Per     Rev.  Weight  Gas         Per     B.H.P.        at      B.T.U.  Per 

Hour  by    Per        on  Press.     B.H.P.     Cor-  Atmos.      B.H.P. 

Meter.     Min.  Scales.  B.H.P.       Hg.       Meter,  rected.  (14.4)   Guarantee. 

1,845       267       520       219.1         1.7         8.42       8.91  8,407         

(9.5  per  cent  overload.) 

1,725       267       470       198  1.7         8.71       9.22  8,694         10,000 

(Full   load.) 

1,470       269       345       146.5         2.0       10.03      10.72  10,815         11,500 
(Three-quarter  load.) 

1,245       272       235        100.1         2.1        12.43      13.33  12,570         13,000 
(One-half   load.) 

879       273        120         51.7         2.5        17.00     18.46  17,408         

(One-quarter    load.) 


Data:— Brake  beam  radius=99i-i"=8.29'. 

Brake  circumference=8.29'X2x3.1416=52.08'. 
Beam  weight,  net  tare=180  lb. 
Gas  pressure  at  meter=1.7  to  2.5  hg. 
Atmospheric  pressure=14.4  lb.,   assumed   normal. 
Effective  b.  t.  u.  per  cu.   ft.   of  gas=943. 


N.  B. : — The  effective  b.  t.  u.  per 
cu.  ft.  of  gas  was  assumed  to  have  been 
determined  for  both  tests  at  11.4  lb.  at- 
mospheric pressure  and   70°. 


Test  run  by  J.  B.  Meriam,  Bruce  Macbeth  Eng.  Co. 

Witnessed     and    certified     for     State 
Institution    for  Feeble   Minded   of 
Western   Pennsylvania,   by 

F.    H.    KiNDL, 

Coil.    Engr.,    Pgh.,    Pa. 

N.    C.   Wilson, 

Con.    Engr.,    Pgh.,    Pa. 

Geo.   B.  Hayes, 

Engr.   for   State. 

Fig.  8b. 
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of  the  hydraulic  elevators  by  centrifugal  pump,  it  is  necessary 
to  provide  in  some  manner  for  the  over-heating  of  the  pump,  due 
to  skin  friction  when  the  pump  is  running,  but  the  elevators  are 
not  in  operation.  This  has  been  nicely  taken  care  of  in  this 
plant  by  providing  the  pump  with  a  special  control  valve  and 
the   engine   with   a   special   control   device   so  arranged   that   when 
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the  pressure  in  the  elevator  tank  reaches  145  pounds,  the  engine 
is  automatically  reduced  so  that  the  speed  is  reduced  to  one-half. 
This  reduces  the  pressure  in  the  pump  which  varies  as  the  square 
of  the  speed  to  one-fourth  of  145,  or  about  36  pounds.  Under 
these  conditions,  no  trouble  is  experienced  and  the  plant  is  prov- 
ing all  around  very   satisfactory  and   highly   economical. 
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Fig-.  6  shows  the  300-horsepower  plant  for  street  and  com- 
mercial lighting  for  the  city  of  Dover,  O.  This  plant  has  been 
in  operation  about  a  year  and  a  half,  delivering  alternating  cur- 
rent at  a  fuel  cost  under  normal  running  conditions  of  less  than 
J/2  cent  per  kilowatt  hour.  A  second  and  duplicate  unit  is  now 
iDeing  installed,  and  when  completed,  24-hour  service  will  be 
provided. 

Fig.  7  is  of  a  plant  installed  for  lighting  and  power  equip- 
ment of  the  county  buildings  at  Youngstown,  O.  It  consists  of 
three  150-horsepower,  four-cylinder  units,  and  one  35-horsepower, 
twin-cylinder  unit.  The  small  unit  is  used  for  night  lighting 
and  the  operation  of  a  vacuum  cleaning  system. 

Figs.  8a,  8b  and  9  give  the  table  and  efficiency  curve  of  test 
of  a  13x16,  four-cylinder  engine,  operating  on  natural  gas.  The 
figures  are  self  explanatory.  The  results  obtained  by  this  test 
are  believed  to  show  about  the  highest  efficiency  in  any  engine 
using  gas  as  a  fuel. 

In  closing,  we  wish  to  quote  from  the  report  of  the  water 
commissioners  of  the  city  of  Bradford,  Penna.,  for  the  year  1910. 

"The  water  supply  this  year  has  been  good  in  spite  of  the 
extreme  drought,  which  commenced  June  1,  and  lasted  until  Nov. 
1.  and  the  reason  for  this  was  on  account  of  our  excellent  facil- 
ities to  furnish  water  when  needed,  and  credit  for  the  same  must 
be  given  to  the  much  talked  of  pumping  plant.  This  plant  has 
been  completed  under  much  adverse  criticism.  The  plant  now 
consists  of  one  135-horsepower  gas  engine  of  the  Bruce-Macbeth 
pattern:  one  2,000,000-gallon  centrifugal  pump  and  11  driven 
wells,  six  8-inch  holes  and  five  10-inch  holes,  all  of  them  about 
120  feet  deep.  The  plant  is  in  first  class  condition  and  cost 
approximately  $11,000.00.  The  cost  to  run  the  plant  the  five  and 
one-half  months  this  summer  was  $1,376.00  during  which  time  it 
pumped  180,000,000  gallons;  last  summer  we  pumped  63,000,000 
gallons  at  a  cost  of  $1,824.13,  showing  that  the  cost  to  pump  per 
1,000,000  gallons  this  summer  (with  gas  engines)  was  $7.66,  as 
against   (with  steam)   $28.94  last   summer." 

The  report  of  the  superintendent  then  goes  on  to  say  that  "a 
very  satisfactory  reduction  in  our  fire  insurance  rates  was  made 
by  the  fire  insurance  companies  on  all  properties  in  the  city"  on 
account  of  the  reliability  of  the  plant. 
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Public  Work  in  the  City  of  Cleveland 


The  end  of  the  year  1911  marks  the  completion  of  the  usual 
amount  of  public  imi)r()vcments.  The  rapid  development  of  the 
city  necessitates  that  each  year  there  shall  be  built  a  considerable 
mileage  of  sewers  and  pavements,  that  certain  bridge  improve- 
ments shall  be  advanced,  that  grade  crossings  shall  be  eliminated, 
and  that  projects  in  connection  with  the  maintenance  of  the 
health  of  the  city  shall   be  undertaken. 

About  one  hundred  and  twenty-five  (125)  streets  have  been 
paved,  and  eight  (8)  other  streets  have  had  their  paving  inter- 
fered with  by  the  early  arrival  of  the  winter  weather. 

Forty-two  (42)  main  sewer  contracts  have  been  undertaken, 
of  which  fourteen  (14)  are  still  in  progress.  In  addition  to  these, 
some  twenty-five  (25)  private  sewers,  built  under  the  supervision 
of  the  city,  have  also  been  completed. 

In  connection  with  the  much  desired  grade  crossing  improve- 
ments, the  work  along  the  line  of  the  N.  Y.,  C.  &  St.  L.  Ry.  Co. 
in  the  eastern  portion  of  the  city,  has  been  practically  completed, 
so  that  Euclid  avenue,  Mayfield  road,  Cornell  road  and  Adelbert 
road,  East  105th  street  and  Quincy  avenue  now  have  their  grades 
separated  from  that  of  the  railway  tracks.  In  addition  to  these, 
new  bridges  at  Cedar  avenue.  East  Boulevard  and  Fairmount  road 
have  been  completed,  together  v^ith  a  foot  bridge  across  the  rail- 
road right  of  way  at  Woodhill  road.  The  completion  of  these 
bridges  marks  the  ending  of  a  million  dollar  undertaking  of  a 
rather  complicated  character,  which  was  well  executed  and  di- 
rected. The  difficulties  of  caring  for  street  and  railway  traffic 
were  unusually  great. 

The  concrete  bridges  used  are  a  departure  from  the  style  of 
construction  used  in  the  grade  elimination  work  in  other  parts 
of  the  city.  The  bridges  present  a  pleasing  appearance,  the  one 
at  East  Boulevard  being  a  type  worthy  of  special  mention,  on 
account  of  the  pink  granite  used  in  the   surface  of  the  concrete. 

The  grade  crossing  work  along  the  line  of  the  Pennsylvania 
in  what  is  known  as  Group  2,  extending  from  Central  avenue  to 
East  Twenty-sixth  street,  has  been  begun.  The  work  so  far  has 
consisted  mainly  of  driving  the  pile  trestles  between  Euclid  avenue 
and  East  Thirty-third  street,  necessary  to  carry  the  steam  railway 
traffic  temporarily  at  a  grade  above  the  present  street  level,  so  as 
to  admit  of  construction  work.  As  soon  as  the  trestles  are  com- 
pleted, it  is  intended  to  turn  traffic  upon  the  same,  so  that  probably 
the  grade  crossings  now  existing  between  W  indsor  avenue  and 
East  Thirty-third  street  will  be  eliminated  soon  after  the  first  of 
the  year.  The  work  of  eliminating  the  Pennsylvania  grade  cross- 
ings between  Central  avenue  and  East  Twenty- Sixth  street  in- 
volves the  expenditure  of  over     two  and  one-half  million   dollars. 
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The  new  tuberculosis  hospital  at  Warrensville  is  under  con- 
struction and  is  one  of  the  much  needed  institutions,  for  which 
all  large  cities  now  find  urgent  demand. 

The  most  important  of  the  proposed  work  is  probably  the 
extension  of  the  water  works  tunnel  from  the  old  water  intake 
westerly  of  Cuyahoga  river  to  a  location  near  the  new  water  intake, 
so  as  to  provide  an  extra  water  supply  in  addition  to  that  afiforded 
by  the  tunnel  extending  from  the  Kirtland  street  pumping  station. 
This  work  involves  an  expenditure  of  about  one  million  dollars 
and   is   now   being  advertised   for  bids. 

The  Clark  avenue  viaduct  is  the  structure  for  which  the  city 
council  has  authorized  the  issuance  of  seven  hundred  thousand 
dollars  worth  of  bonds.  The  distance  between  the  high  lands 
on  the  easterly  and  westerly  sides  of  Cuyahoga  \'allev  at  Clark 
avenue  is  more  than  a  mile.  The  problem  of  designing  this 
bridge  is  somewhat  complicated,  in  that  diverse  interests  must  be 
considered,  one  being  traffic  which  will  wish  to  travel  from  the 
high  land  on  one  side  of  the  river  to  that  on  the  other  without 
any  reference  to  the  necessity  of  access  to  the  low  land  under- 
neath. The  other  interest  is  that  of  the  low  lying  lands,  for 
which  an  approach  is  desired  from  the  high  lands  on  each  side, 
as  well  as  a  crossing  over  or  under  the  many  railroad  tracks 
now  crossing  Clark  avenue,  and  for  which  a  bridge  is  desired 
across  Cuyahoga  river  to  Independence  road.  The  problem  really 
involves  a  high  level  project  and  a  low  level  project.  Preliminary 
plans  are  now  being  made,  and  in  connection  therewith  four  or 
five  dififerent  schemes  are  beinc  considered. 
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Society  Notes 

MINUTES   OF  MEETINGS 

May  9,   1911. 

Regular  meeting  on  the  sixth  floor  of  the  Chamber  of  Commerce 
building,  called  to  order  by  President  Frazier  at  8:00  p.  m.  Present, 
about  80  members  and   guests. 

Minutes   of  meetings,    of   April    11    and   25,    read   and   approved. 

Applications  for  membership  from  the  following  were  read  and  passed 
to  letter  ballot: 

For   active    members : — 

Jerome  C.  Alderman  Hyman    H.    Mandelzweig 

Henry  A.   Baumhart  Kenneth  A.  Marsh 

RuFUs  C.   Beardsley  Alfred  C.   Nelson 

Earl   H.    Browning  Edward   G.   Spitz 

William   W.   Chace  Ernest  W.   Taylor 
Daniel  J.  McCormack 

For  transfer,  associate  to  active  members  :— 

Adolph  J.  Friedman  Francis   Line 

For   associate   member  : — 

Richard   P.   Cattrall,   Jr. 
For  corresponding  members  ; — 

Charles  D.  Clark  Benjamin  H.  Whittaker 

The  Teller's  report  showed  the  unanimous  election  of  the  entire  mem- 
bership list  published  at  the  meeting,  April  11,  and  the  amendment  to  the 
constitution  proposed  at  the  same  meeting,  carried  by  a  vote  of  60  ayes 
and   11   noes. 

The  Nominating  Committee  reported  that  the  following  persons  had 
accepted  nominations  as  officials   for  the  ensuing  year : 

E.   p.   Roberts,  B.  R.  Leffler, 

President  Director 

David  Gaehr,  A.  J.   Himes, 

Vice  President  Director 

Upon  motion,  duly  seconded,  the  report  of  the  committee  was  accepted 
and   referred  to  letter  ballot. 

A  communication  from  Mrs.  A.  E.  Brown,  acknowledging  receipt  of 
flowers  sent  by  the  Society  on  the  day  of  Mr.  Brown's   funeral,  was  read. 

The  President  announced  that  a  committee  to  draft  resolutions  on 
the  death  of  Alexander  E.   Brown,  would  be  appointed  in  a  few  days. 

The  paper  of  the  evening  on  "Storage  Batteries"  was  prepared  and 
read  by  Mr.  A.  B.  Burk,  Jr.,  instead  of  Mr.  Chappelle,  as  announced, 
Mr.  Chappelle  being  unable  to  be  in  attendance  at  the  meeting.  The 
paper  was  well  received  and  was  followed  by  considerable  discussion  and 
many    questions,    which    Mr.    Burk    answered. 

A  vote  of  thanks  was  given  Mr.  Burk  for  his  able  paper. 

Upon  motion  of  Mr.   Herman,  duly  seconded,  the  meeting  recessed  to 

May  23,  1911.  Geo.  H.  Tinker, 

Acting  Secretary. 
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May  23,   1911. 

Adjourned  meeting-  on  the  sixth  floor,  Chamber  of  Commerce  building, 
called  to  order  by  President  Frazier,  at  8:00  p.  M.  Present,  65  members 
and   guests. 

President  Frazier  announced  that  the  object  of  adjourning  the  meet- 
ing of  May  9  was  to  allow  the  Membership  Committee  to  report  on  their 
work  of  securing  new  members  and  publish  the  names  to  the  Society,  so 
they  could  be  canvassed  at  the  regular  meeting  in  June. 

The   following  names  were  read  and  passed  to  letter  ballot : 

For  active   members  : — 

W.    D.    B.    ALEX.A.NDER  G.    E.  GuY 

F.    G.    Bates  S.    T.  Henry,    Jr. 

Anton    Burchard  J.    B.  Meriam 

A.    M.    Clark  E.  F.  Mould 

F.  S.   Coke  C.    E.  Pettibone 

G.  F.    Collister  F.    R.  Sites 

J.   C.   Gorton  A.   S.  R.   Smith 

For  associate   members  : — 

F.   J.    Dresser  L.   J.    Murray 

For   corresponding  member  : — 

G.  D.  Claflin,  Jr. 

Mr.  Frazier  reported  that  Mr.  Gaehr,  the  nominee  for  Vice  President, 
had  written  a  letter  to  the  Executive  Board,  withdrawing  his  name  from 
the  ballot,  and  that  letters  had  been  received,  signed  by  more  than  the 
required  number  of  active  members,  placing  in  nomination  Prof.  R.  H. 
Fernald,  and  Mr.  F.  F.  Prentiss.  Upon  motion,  duly  seconded,  the  Secre- 
tary was  instructed  to  substitute  the  names  of  these  two  gentlemen  on 
the  ballot  as  candidates  for  Vice  President,  in  lieu  of  the  name  of  Mr. 
Gaehr. 

The  President  then  introduced  the  speaker,  Mr.  Claiborne  Pirtle, 
Vice  President  of  the  Electric  Controller  &  Mfg.  Co..  who  presented  a 
very  interesting  paper  on  "Some  Recent  Improvements  in  Electric  Motor 
Control",   illustrated   with   many  lantern   slides. 

After  a   few  questions,  which  were   answered  by  the   speaker,  the   meet- 
ing recessed  to  June  6,  1911.  '      G.    S.    Bl.\ck, 

Acting    Secreiary. 


June  6,   1911. 

Recessed  meeting  called  to  order  at  8 :  30  p.  m.  by  Vice  President 
Roberts,   in  the   club   rooms.      Present,   15   members. 

Vice  President  Roberts  announced  that  the  object  of  the  meeting  was 
to  consider  a  number  of  applications  for  membership  which  had  been 
received,  whereupon  the  Secretary  read  the  following  names  of  applicants, 
all  of  which  had  been  favorably  considered  by  the  Executive  Board : 

For  active  members  : — 

Geo.    S.    Case  Hans   A.   Hohmann 

Harry  O.   Davidson  James   F.   Lincoln 

Augustus  M.   Frink  Edward  Lindmueller 

Charles  A.   Grate  Fred  W.   Mettler 

Samuel   A.    Hand  Monroe   Warner 

For   associate   members  : — 

Charles   C.   Coventry  Harry    Gillett 

Upon  motion,  duly  seconded,  these  names  were  ordered  prepared  for 
letter  ballot,  to  be  canvassed  at  the   regular  meeting  in  June. 

Adjourned.  F.  W.   Ballard, 

Secretary. 

137 


June    13,    1911. 

Thirty-First  Animal  Meeting  and  Banquet,  at  the  Cleveland  Chamber 
of  Commerce  Auditorium,  called  to  order  at  8:30  p.  m.  by  President 
Frazier.     Present,   121   members  and  guests. 

Reading  of   minutes   dispensed   with. 

The  President  called  for  the  names  of  applicants  for  admission  to 
membership,  and  the  Secretary  read  the  following  names,  which  on 
motion,   duly   seconded,   were    passed   to   letter   ballot : 


For  active  members  : — 

John   R.   Crouse 
Ford   Donley 
Herman  R.   Neff 


Thomas  G.  Protheroe 
George  R.  Wadsworth 
Edward  N.   Walton 


The  Chairman  then  read  the  Teller's  report,  which  showed  that  the 
entire  membership  ballot  had  been  elected,  and  that  the  following  officers 
had  been  elected   for  the  coming  year: 

E.   P.   Roberts,  R.    H.   Fernald, 

President  Vice  President 

A.  J.   Himes  and   B.   R.   Leffler, 
Directors 

The  Secretary  also  read  the  financial  statement  for  the  year  endin? 
May  31,   1911. 

There  being  no  further  business,  the  program  for  the  evening  followed, 
after   which   the   meeting   adjourned. 

F.  W.  Ballard, 

Secretary. 


Sept.    12,    1911. 

Meeting  consisted  of  a  trip  to  Lorain  to  visit  the  plants  of  the  Amer- 
ican Ship  Building  Co.,  and  the  National  Tube  Co.  Present,  143  mem- 
bers and   guests. 

The  party  took  dinner  at  the  Hotel  Lorain,  and  a  regular  business 
session  was  held,  at  which  the  Secretary  read  a  poem,  written  by  Mr. 
E.    P.    Roberts,  entitled   "Smoking  Here    and   Hereafter". 

The  Teller's  report  was  read  and  the  entire  membership  ballot  was 
declared   elected.      (List  of   names   in   minutes   of  June    13.) 

The  following  list  of  applications  for  membership,  which  had  been 
approved  by  the  Executive  Board,  was  then  read  and  passed  for  letter 
ballot  at  the  next  regular  meeting: 


For  active  members : — 

Paul  T.   Buckler 
Samuel  H.  Cox 
Harry    D.    Cushman 
Robert   Deming 
Bert  A.  Harman 
Edward  M.  Justin 


Earl  H.   Payne 
William  E.  Pease 
Wallace  R.  Persons 
Charles   E.   Pope 
George  T.    Sinks 
James   G.   Tyler 


A  vote  of  thanks  was  extended  to  the  engineers  of  the  National  Tube 
Co.,  and  also  the  American  Ship  Building  Co.,  for  their  courtesy  in  enter- 
taining us  and   showing  us  through  their  plants. 

Meeting  adjourned.  F.   W.    Ballard, 

Secretary. 
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Sept.   26,    1911. 

Special  meeting  in  the  Chamber  of  Commerce  hall,  sixth  floor,  called 
to  order  by  President  Roberts  at  8 :  00  p.  m.  Present,  122  members  and 
guests. 

The  paper  was  presented  by  Mr.  Paul  P.  Bird,  of  Chicago,  on  the 
subject  of  "Smoke  Prevention",  and  was  followed  by  a  lively  discussion 
of   this   question   by   both   members   and   visitors. 

Mr.    Bird  was  extended  a  vote   of   thanks   for   his   paper. 

Adjourned.  F.  \V.  Ballard, 

Secretary. 


Oct.    10,    1911. 

Regular  meeting  in  the  Chamber  of  Commerce  Auditorium  (first 
floor).     Present,  133  members  and  guests. 

Minutes  of  May  9,  May  23,  June  6,  June  13,  Sept.  12  and  26,  read 
and   approved. 

The  following  list  of  applications  were  received  from  the  Executive 
Board,   and   were  duly  passed  to   letter  ballot : 


For  active  members  : — 

Robert   H.    Cowdery 
Paul   E.    Baker 
Charles  Field,  3d 
gustav  a.  kohler 
William   M.   Krickbaum 
Thomas  A.  Lawes 
Lee  H.  Miller 
Dalton  Moomaw 


Gerald   D.   Muggleton 
Ralph    D.   Nye 
Chas.   M.   Pond 
Horace    P.    Rodgers 
Herbert  C.   Snow 
Warren  D.   Spengler 
William  J.  Young 


For   associate   members : — 

Christian    Girl  Carl  D.   Palmer 

For   transfer    from   associate   to    active   member : — 
Albert  H.  Bates 


There  were  64  ballots  canvassed  and  all  were  in  favor  of  the  election 
of  these  men. 

A  letter  was  read  from  Mrs.  Alice  Gobeille,  announcing  the  death  of 
her  husband,  Joseph  Leon  Gobeille,  which  occurred  on  Sunday,  Sept.  27, 
1911.  President  Roberts  stated  that  a  committee,  composed  of  Mr. 
Ambrose  Swasey,  Chairman ;  Mr.  F.  C.  Osborn,  and  Mr.  Augustus 
Mordecai,  had  already  been  appointed  to  draft  resolutions  in  regard  to 
the  death  of  Mr.  Gobeille. 

A  letter  from  Mr.  Frank  C  Osborn  was  read,  announcing  the  gift  of 
two  framed  views  of  the  important  hydro-electric  engineering  work  at 
Keokuk,  la.,  by  Mr.  Louis  N.  Weber,  of  the  firm  of  Weber,  Lind  &  Hall. 

The    letter   contained   the    following    resolution : 

"It  is  hereby   resolved  that  the   Cleveland   Engineering   Society 

expresses   to   Mr.   Weber  its   appreciation   of   his   gift,   and   tenders 

him  a  vote  of  thanks   for  his  kind  thoughtfulness  and  generosity." 
"I   move   the   adoption   of  the   resolution." 

This  resolution  was  seconded  and  carried,  whereupon  the  program 
of  the  evening  was  taken  up.  The  program  consisted  of  a  paper  by  Mr. 
E.  P.  Roberts,  on  "Profitable  Sharing  vs.  Profit  Sharing".  This  very  able 
paper  came  in  for  a  general  discussion,  in  which  the  following  persons 
participated :  Messrs.  Sturges,  Stone,  Ranney,  A.  B.  Roberts,  Beahan, 
Himes,   Hoffmann   and   E.    P.   Roberts. 

After  the  discussion,  the  meeting  adjourned. 

F.  W.   Ballard, 

Secretary. 

139 


Oct.  24,   1911. 

Special  meeting  in  the  Chamber  of  Commerce  Hall  (sixth  floor), 
called  to  order  by  Vice  President  Fernald  at  7 :  45  p.  m.  Present,  about 
100   members   and   guests. 

There  being  no  business  to  come  before  the  meeting,  the  Vice  Pres- 
ident introduced  the  speaker,  Mr.  Chas.  S.  Gingrich,  of  the  Cincinnati 
Milling  Machine  Co.,  Cincinnati,  O.,  who  gave  an  interesting  and  instruct- 
ive talk,  illustrated  with  many  lantern  slides,  on  "Modern  Machine  Shop 
Milling  Processes".  At  the  close  of  his  talk,  Mr.  Gingrich  was  asked  a 
number  of  questions  concerning  the  operation  of  milling  machines,  which 
he  answered  at  length. 

A  vote   of  thanks   was   tendered   the   speaker. 

Adjourned.  F.  W.    Ballakd, 

Secretary. 
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LIBRARY 

Attention  is  called  to  the  postal  cards  recently  sent  to  all 
members,  requesting  information  as  to  membership  in  other  tech- 
nical and  scientific  societies.  Any  who  have  not  returned  the 
cards  are  urged  to  do  so  at  once.  Do  not  forget  to  sign  them. 
When  the  information  has  been  compiled,  members  will  be  asked 
to  assist  in  furthering  the  growth  of  the  library. 


The   Need  of  Exgixeerixg  Reference   Libraries. 

The  following  quotations  are  taken  from  an  editorial  with  the 
above  title  in  Engineering  A'eics  of  Nov.  23,  1911 : 

"Every  engineer  in  the  L'nited  States  ought  to  be  able  to 
reach  a  good  engineering  reference  library,  at  least  without  travel- 
ing beyond  the  borders  of  his  own  state. 

'Tt  is  worth  particular  emphasis  also  that  if  such  engineering 
reference  libraries  *  *  *  are  to  reach  their  highest  useful- 
ness to  the  profession,  they  must  be  conducted  under  engineering 
direction." 

The  entire  article  is  well  worth  reading  and  the  above 
paragraphs  have  been  quoted  because  they  echo  the  thought  that 
has  been  in  the  minds  of  the  library  management  and  which  has 
been  referred  to  at  intervals  in  these  columns. 

Cleveland  is  an  engineering  city  and  its  engineers  should 
have  at  their  command  a  good  engineering  reference  library. 
The  Cleveland  Engineering  Society  is  the  logical  custodian  and 
manager  of  such  a  library.  Its  administration  is  one  of  the 
important  activities  in  which  the  Society  can  engage  to  the  benefit 
of  the  city  of  Cleveland  and  the  profession. 

No  active  work  towards  raising  an  endowment  fund  for  the 
library  has  yet  been  inaugurated,  but  it  is  believed  that  the  proper 
time  to  start  such  a  movement  is  close  at  hand. 


Several  new  exchanges  will  be  found  on  the  reading  room 
tables. 

For  those  who  read  French,  Le  Cement,  published  in  Paris, 
will  be   found  to  contain  some   interestine  matter. 
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EMPLOYMENT  BULLETIX 


This  department  is  for  the  use  of  members  desiring  positions  or  re- 
quiring engineering  services :  it  is  under  the  personal  direction  of  the 
secretarj',  who  is  anxious  to  increase  its  value  to  the  members.  Therefore, 
if  you  are  in  need  of  engineering  help,  or  desire  to  secure  a  position, 
do  not  hesitate  to  call   on  the  department   for   assistance. 

All   information  is   handled   confidentially. 


POSITIOXS    VACANT. 

No.  4V.  Machine  tool  salesman.  Prefer  a  man  with  technical  educa- 
tion and  training.  Considerable  commercial  experience  required  as  well  as 
familiarity   with   various   lines   of   machine   tools. 

No.  5V.  Mechanical  engineer.  Technical  graduate  with  one  or  two 
years'  experience  preferred. 

No.  6V.  Steam  engineer.  Principal!}-  outside  work ;  large  manu- 
facturing plant  in  cit_v.     Should  have  two  or  three  years'   experience. 


MEN  AVAILABLE 

No.  lOA.  American;  33  years  of  age;  graduate  of  Columbia  School 
of  Mines,  also  three  years  at  Case  School  of  Applied  Science  :  desires  posi- 
tion as  mine  superintendent  or  engineer.  Experienced  in  mining  work  as 
draftsman,    surveyor,    engineer    and    superintendent. 

No.  IIA.  American;  29  years  of  age;  graduate  of  University  of 
Michigan,  Engineering  Department:  experience  covers  construction  work 
along  mechanical  lines.  Desires  position  as  mechanical  draftsman,  designer 
or   as   structural   man. 

No.  12A.  American,  experienced  civil  engineer  desires  either  inside 
or  outside  position.  Has  spent  several  years  in  South  America  in  charge 
of  work  there.  Additional  information  concerning  this  man  will  be  secured 
for   anyone   interested. 

No.  13A.  American ;  28  years  of  age ;  experienced  along  civil  and 
mining  lines,  particularly  mine  and  field  surveying;  also  superintendent  and 
resident  engineer  in  charge  of  coal  handling  equipment.  Also  some  experi- 
ence  in   railroad   surveving   and   construction   work. 


142 


Vol.  IV  No.  3 

JOURNAL 


OF 


otlf^  QIbu^lau&  lEttgtuprriug  i^ortrty 


Published  Quarterly  by  TV/la        V»      1Q19  Chamber  of  Commerce  BIdg. 

the  Society  '  Cleveland,  Ohio 


CONTENTS 


PAGE 

Modern  Machine  Shop  MiHing  Processes.     By  Chas.  S.  Gingrich  145 

Water    Purification  : 

Purification  of  Water  by  Filtration.  P)y  R.  Winthrop  Pratt  163 

Disinfection  of  Water  by  Chemicals.   By  Dr.  R.  G.   Perkins  165 

Purification   l)y   Ozone.     By   R.    M.   Leggett 168 

Purification   by   Electricity.      By    D.    D.    \'incent 171 

Discussion.      By    Landon    Pearse 173 

Ruliber.      By    Dr.   W.    C.    Geer 177 

Discussion  : 

H.    E.    Smith , 193 

H.   M.   Foote,  Jr 194 

Society   Notes  : 

Minutes  of   Meetings 196 

Library     198 

Employment    I'.ullctin 199 


The  pul)licati()n  <»t    papcr.s  in  tlie  Jourx.\l  is   not  iiiteiulcd  a^ 
ail  endorsement  of  tlieir  contents  l)v  the  Society. 


.00  Per  Annum  50  Cents  a  Number 

Copyright,    1912,    by    the    Cleveland    Engineering    Society. 
Application    made    for    entry    as    second-class    mattter    at    Cleveland    Post    Office. 


EXECUTIVE  BOARD 

Officers 

President,  E.  P.  Roberts 

Vice  President,    R.  H.  Fernald  Treasurer,     E.  E.  Ranney 

Secretary,  F.  W.  Ballard  Librarian,      G.  H.  Tinker 

Directors 

Term  expires — June,  1912 
G.  F.  Burrows  Col.  John  Millis 

Term  expires — June,  1913 
A.  J.  HiMEs  B.  R.  Leffler 

Past  Presidents 
Robert  Hoffmann  J.  W.  Fkazier 


STANDING  COMMITTEES 

Finance 
R.  H.  Fernald,  Cliainnan 
J.  \V.  Frazier  Robert  Hoff.'jaxn 

Library 
G.  H.  Tinker,  Cliairjnan 
G.  F.  Burrows  Col.  John  Millis 

Publication 

A.  J.  Himes,  Chairman 

Col.  John  Millis  B.  R.  Leffler 

House    Committee 
F.  W.  Ballard,  Cliainnan 
J.  H.  Stratton  a.  \\'.  Ray 

Program    Committee 
J.  H.  Herron,  ChairuuDi 
B.  A.  Stowe  C.  W.  Hopkinson 

H.  B.  Dates  W.  J.  Watson 

Membership    Committee 
E.    S.    Carman,    Chairman 

Section  1  :  —                             Section  2  :  —  Section  3  :  — 

G.  E.  Tower,                             T.  S.  Kemble,  J-  E.  \\'ashburn, 

Chairman                                 Chairman  Chairman 

H.  E.  Scott                              E.  B.  Wight  E.  C.  Peck 

C.  F.  Schoepflin                    J.  R.  Poe  W.  M.  Faber 

E.  H.  Owen                             Ernest  McGeorge  P.  A.  Geier 

A.  C.  Irwin                             Ed.  Linders  Maurice  Converse 

J.  A.  DuBBs                              T.  A.  Barco  C.  E.  Pettibone 


Modern  Machine  Shop  Milling  Processes 

By  Chas.  S.  Gingrich. 

This  paper  will  be  confined  to  milling-  processes  as  applied  to 
the  column-and-knee  tv-pe  of  machine.  That  is  the  type  of  ma- 
chine that  probably  comes  to  the  mind  first  when  a  milling-  ma- 
chine is  mentioned :  at  least  it  is  safe  to  say,  that  it  is  the  type  of 
machine  in  most  general  use  and  is  adapted  to  the  greatest 
variety  of   work. 

By  way  of  illustration,  there  will  be  shown  several  examples 
of  the  latest  models  of  column-and-knee  type  millers. 

Fig-.  1  shows  the  usual  form  of  cone-driven  machines.  They 
are  made  both  plain  and  universal  in  the  same  g-eneral  design. 


Fig.  1 


Fig-.  2  shows  the  plain  machine  of  the  single-pulley  type, 
which  we  call  our  high  power  miller. 

Fig.  3  shows  the  vertical  machine  of  the  same  design. 

Modern  milling  practice  on  this  type  of  machine,  as  it  has 
been  developed  in  the  manufacture  of  duplicate  parts  in  reason- 
ably large  quantities,  is  based  on  the  principle,  that  in  order  to 
get  the  greatest  possible  production,  the  machine  must  be  so 
jigged  up,  and  so  designed  that  it  may  be  continuously  busy  all 
dav  long.  This  paper  will  describe  and'  illustrate  three  systems  of 
continuous  milling — circular  or  rotary  milling;  reciprocal  milling, 
and  gang  milling. 

The   most  nearly   ideal   example  of   continuous   milling   i<   the 
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rotar\-  inillini^-  process  sliown  in  I'i'^.  4.  14ic  niacliine  is  a 
vertical  miller  using-  a  r()tar\  table,  having-  mounted  on  it  a  fix- 
ture in  which  can  be  held  a  number  of  pieces,  each  one  independ- 
ent of  the  others.  The  machine  can  be  speeded  so  that  the  oper- 
ator will  have  just  time  enough  to  remove  the  finished  pieces  and 
replace  them  with  rough  ones.  For  the  ([uick  operator  the 
machine  can  be  speeded  faster  than  for  the  slow  one,  but  when 
the  sjx'ed  has  been  set  for  the  man,  he  must  work  up  to  the 
machine,  or  there  will  be  blank  spaces  passing-  under  the  cutter. 
In  this  particular  case  the  pieces  are  about  3  x  4^/  inches,  ^.<^-inch 
metal  is  removed,  and  they  pass  under  the  cutter  at  a  rate  that 
enables  a  man  to  turn  out  about  220  per  hour.  (  )f  course,  doing 
the  work  at  that  rate  rec|uires  means  of  bringing  to  the  operator 
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the  roug^h  castings,  and  getting-  awav  from  him  the  finished  ones. 
This  method  is  applicable  only  to  pieces  that  can  be  finished 
at  a  single  traverse  of  the  cutter,  in  other  words,  pieces  that  must 
have  a  flat  surface  but  do  not  require  a  high  grade  of  finish.  The 
success  of  this  method  will  depend  largelv  upon  the  ingenuity  of 
the  jig  designer.  The  jig  shown  here  is  a  simple  one.  There  is 
a  three-point  bearing  under  the  piece,  a  set  of  pointed  set-screws 
grip  the  piece  at  its  inner  end,  and  it  is  clamped  by  a  movable 
jaw,  somewhat  similar  to  the  jaw  of  a  vise,  also  provided  with  a 
pair  of  pointed  screws.  The  clamping  screw  is  so  arranged  that, 
assuming  the  piece  is  in  place,  a  half  turn  releases  it,  the  jaw  can 
then  be  pulled  straight  back  and  the  piece  removed.  The  operator 
then  puts  the  next  piece  in,  pushes  the  jaw  up  and  gives  the  screw 
a  half  turn,  which  securelv  clamps  the  piece. 
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Fig.  5  illustrates  the  second  system  —  reciprocal  milling. 
Here  we  use  two  fixtures,  each  one  holding  a  piece  of  work.  In 
this  particular  case  the  machine  was  arranged  with  an  automatic 
trip,  causing  the  table  to  teed  backward  and  forward  continuously, 
similar   to   the   reciprocating   motion   of   a   manufactm-ing   grinder. 


Fig.  3. 


The  culler  is  7'..  inchc>  diamcler.  runs  .^'>  revolutions  per  minule. 
surface  (>  inches  x  7  inches,  cut  1  16  inch  to  3/32  inch  deep,  teed 
12>2  inches  per  minute.  Total  time  for  the  two  cuts  and  chuck- 
ing each  piece  1.6  minutes.  .All  the  operator  had  to  do  was  to 
replace  the  piece  in  one  fixture  while  the  machine  was  milling  the 
other.      Assuming  ihat  we  start  with  ihe  culler  between  the  pieces. 
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then  feed  tlie  table  to  the  left  for  the  roughing  cut,  reverse,  and 
the  return  travel  takes  a  finishing  cut.  In  the  meantime  the 
operator  has  removed  the  piece  and  chucked  a  rough  one  in  the 
other  jig  before  the  cutter  reaches  it.  This  process  is  preferred 
on  all  work  that  requires  both  a  roughing  and  finishing  cut.  The 
return  cut  is  sufficient  to  give  a  satisfactorv  finish  on  a  large 
amount  of  work.     It  is  just  a  "cleaning  up"  cut.  so  to  speak. 

Fig'.  6  is  another  example  of  the  same  class  of  milling. 
These  are  larger  pieces,  and  in  this  case  the  machine  is  not  ar- 
ranged with  the  automatic  reverse.  It  is  a  standard  machine,  but 
the  same  ]M"inciple  applies.  The  forward  roughing  cut  on  this 
piece  is  at  a  feed  of  7^  inches  per  minute,  and  the  return  cut 
is  taken  at  a  feed  of  20  inches  per  minute.     That  brings  the  pieces 
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flat  and  with  a  fair  degree  of  finish.  In  this  particular  case  it 
happens  that  another  final  finishing  cut  is  necessary.  The  milling 
here  is  exceedingly  heavy,  as  will  be  apparent  from  the  appearance 
of  the  chips  and  the  nature  of  the  piece.  The  cut  is  about  3/16 
inch  deep. 

Fig.  7  is  a  piece  of  aluminum  work  on  which  the  same 
principle  applies.  This  work  is  fed  under  the  cutter  for  roughing 
at  7y^  inches  per  minute,  and  reverses  back  for  finishing  at  20 
inches  per  minute.  In  this  case  the  operator  stands  behind  the 
machine  where  he  can  control  both  the  feed  operating  levers  and 
the  feed  change  levers.  Fig.  8  illustrates  the  position,  although 
this  happens  to  show  a  different  machine  and  a  different  piece  of 
work.     The  right  hand  controls  the  table  feed  forward  and  back. 
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and  with  the  left  the  feed  change  levers  are  operated.  The  illus- 
tration suggests  the  advantage  of  this  method  of  control  on  a 
variety  of  end  milling  or  face  milling  on  horizontal  machines,  and 
it  also  suggests  a  wide  application  to  tool  room  work,  jig  making, 
etc. 

Fig.  9  illustrates  the  third  system  —  gang-milling.  Here 
again  we  approximate  continuous  milling  by  a  proper  arrange- 
ment of  the  machine  and  the  fixture.  The  pieces  are  clamped 
independently,  and  as  the  cutter  traverses  them,  the  operator 
removes  the  pieces  behind  the  cutter.  When  it  has  passed  over 
the  last  one.  there  is  a  short  interval  of  lost  time  while  he  lowers 
the    table,    returns   and    readjusts    it.      He    then    removes    the    last 
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piece  while  the  machine  is  milling  the  first  one,  and  then  he  begins 
replacing  pieces  behind  the  cutter  again.  This  is  not  the  ideal 
continuous  milling  process,  because  of  the  time  lost  returning  and 
readjusting  the  table.  But  this  loss  is  small  compared  with  the 
time  lost  by  the  older  practice  of  stringing  a  row  of  pieces  while 
the  machine  is  stopped,  and  then  having  the  operator  idle  while 
the  machine  is  working,  and  so  on,  the  operator  and  the  machine 
being  alternately  idle. 

Another  modification  of  string  jig  work,  particularly  applic- 
able to  small  work,  is  the  loading  fixture,  a  simple  form  of  which 
consists  of  a  clamping  device  fastened  to  the  table  of  the  machine ; 
and    two    holding    fixtures    in    which    a    string    of    pieces    can    be 
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clamped  at  nwc  lime.  Assuming-  one  of  the  Imldino-  tixlurcs  is  in 
place  (Ml  tlir  machine  and  the  pieces  which  it  contains  are  bein^" 
milled — the  o])erator  will  be  busy  removin<;-  pieces   from  the  other 


Fig.  6. 


fixture  and  reloading-  it.  When  the  pieces  on  the  machine  are 
finished,  he  releases  the  clamps,  removes  the  holdincr  fixture  with 
its  pieces   and   clamps  the   other  holding   fixture   into   place.      The 
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lost  time  interval  then  is  only  that  time  required  for  removincr  the 
one  holding-  lixture  and  putting  the  other  in  place ;  a  very  small 
loss  when  compared  with  the  time  that  it  would  take  to  stop  the 
machine  and  remove  each  individual  piece  c^f  work  and  chuck 
another  in  its  place. 


Fig.  8. 
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Xow,  it  must  l)e  admitted  that  not  all  milling  is  manufactur- 
ing". The  toolmaker  also  uses  milling  machines,  and  thev  must  be 
built  sufficiently  accurate  to  enable  him  to  make  jigs  and  tools  to 
the  degree  of  precision  which  the  sho])s  require. 

Fig.  10  illustrates  tool  room  work.  It  shows  a  drill  jig  that 
requires  considerable  accuracy.     Some  of  the  holes  are  at  an  angle 
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with  the  radius,  others  are  radial,  and  others  are  spaced  length- 
wise of  the  jig,  but  they  are  not  all  in  a  line,  as  vou  will  see^  by 
the  picture.  The  lengthwise  spacing  is  checked  with  a  micrometer 
in  the  usual   wav.  but   for  the  accuracy  of  the  radial   relation  of 


Fig.  10. 


Fig.  11. 


the  holes  with  each  other  we  must  depend  entirely  on  tl:ie  accuracy 
of  the  index  head.  Of  course,  we  all  know  that  when  drilling 
holes  m  a  casting,  the  drill  is  likely  to  creep  to  one  side.  Work 
like  this,  therefore,  requires  infinite  care  on  the  part  of  the  oper- 
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ator,  in  order  that  he  may  do  his  work  as  accuratelv  as  the  ma- 
chine will  permit.  For  that  reason  the  hole  must  first  be  drilled 
small  and  then  brought  to  size  with  a  boring  tool  so  as  to  avoid 
all  inaccuracy  due  to  the  creeping  of  the  drill.  On  this  piece  of 
work,  which,  by  the  way,  happens  to  be  a  jig  that  was  taken  from 
a  lot  of  finished  work  in  a  tool  room,  the  lengthwise  accuracy  is 
within  0.0005  inch,  and  the  circumferential  accuracy  inside  of  0.1 
degree,  or  about  0.0006  inch  on  a  7-inch  diameter  circle. 

Fig.  11  is  another  similar  example.  The  holes  are  1  inch 
diameter,  drilled  on  a  circle  14^2  inches  in  diameter.  The  radial 
distance  is  obtained  by  touching  the  center  plug  shown,  adjusting 
by  means  of  the  lead  screw  and  dial,  drilling  the  holes,  checking 
with    the    micrometer,    and    then    finally    finishing    to    size    with    a 
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boring  bar  as  in  the  previous  case.     The  radial  accuracy  checked 
to  within  0.0002  inch,  and  the  spacing  within  0.0007.^  inch. 

It  is  necessary  to  repeat  again,  that  on  such  work  the  operator 
must  be  a  skilled  and  careful  man,  or  he  cannot  get  good  results, 
no  matter  how  accurate  the  machine  is. 

Fig.  12  is  another  tool  room  operation  of  a  slightly  different 
kind.  The  important  thing  is,  that  the  angular  face  and  the 
short  side  be  accurate  in  relation  to  each  other.  The  piece  is 
mounted  in  a  small  holding  fixture  between  centers.  The  short 
side  is  milled  with  the  peripheral  teeth  of  the  cutter,  and  then  it 
is  revolved  by  means  of  the  index  head  to  the  proper  angle  and 
the  angular  face  is  milled.  The  latter  is  the  operation  sliowm 
The  angle  is  accurate  within  0.05  degree,  or  approximately  0.00025 
inch  on  a  4-inch  diameter  circle. 

One  of  the  greatest  handicaps  that  the  milling  machine  has 
had,  is  improper  tooling  and  improper  cutters. 
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It  is  believed  that  the  design  df  tlic  cohunn  and  knee  type 
machines  lias  been  develoi)ed  to  a  i)innl  where  their  limit  of  cut- 
ting capacitv  is  reached.  If  this  is  carried  too  far,  the  machines 
will  becnme  clums\-  and  thus  lose  unc  of  their  most  valuable  fea- 
tures, which  is  haudiness.  As  the\-  arc  made  now.  they  have  a 
cai)acit\'  far  bcNond  the  cutters  found  in  st(xd<.  The  manufac- 
turers are.  therefore,  looking  to  the  development  of  better  cutters 
as  a  lueans  of  using  their  full  capacity  and  perhaps  of  increasing 
the  capacity  and  usefulness  of  these  luachines.  It  will  be  shown 
what  has  been  accomplished  through  experience  and  experiments 
extending  over  a  number  of  years,  and  a  final  careful  series  of 
tests  and  investigations,  during  the  past  three  years  on  the  part 
of  the  engineering  department  of  the  Cincinnati  Alilling  Alachine 
I'o.      A  quite  thorough  discussion   of  these  investigations   is  given 
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in  a  paper  presented  at  the  May.  I'Ml,  meeting  of  the  American 
Societ\-  of  ]\rechanical  Engineers,  by  the  chief  engineer  of  the 
compan\-,  Air.  .\.  L.  DeLeeuw.  under  whose  su])ervision  the  final 
W'ork    was   carried   on. 

It  was  learned  long  ago  that  on  certain  work  a  cutter  with 
onlv  a  few-  teeth  would  give  good  results,  whereas  the  older  form 
of  culiei-  would  be  a  complete  failure.  It  is  ])r<)bable  that  others 
have  had  the  same  experience.  Throngh  knowledge  gained  from 
isolated  cases  the  development  of  a  comi)lete  line  of  spiral  mills, 
side  mills,  end  mills  and  face  mills  in  the  most  generally  used 
sizes,  was  worked  out.  Some  illustrations  will  be  shown,  con- 
trasting the  new  cutters  with  cutters  of  the  same  style  and  size 
as  found  in  general   use. 

Fig.    13   shows  some  end  mills.      The  contrast   is   so  clear   that 
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coninient  is  unncce>sar\.  The  large  end  mill  al  the  right  is  \y2 
inches  diameter  and  has  six  teeth.  There  are  in  nse  nian\-  1-inch 
end  mills  with  onlv  four  teeth. 


Fig.  14. 

Fig".  14  shows  a  machine  milling  slots  ^4  inch  wide  into 
bars  1  inch  thick.  The  milling  is  done  with  a  -^^'i'l^'li  ^''i'^  ^''^i^l 
having  onlv   three  teeth.      Work  has   been    done    in   thi--    wa\    for 
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many  years.  It  never  cmild  have  been  done  with  a  standard 
mill,  but  it  was  successful  with  a  five-toothed  mill.  Later  on  it 
was    found   possible   to   do  better   with    a    four-toothed    mill.      'I  he 
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established   feed  rate  then   was  3?,s   inches  per   minute.      Now   the 
feed  rate  is  4^  inches  with  a  three-toothed  mill. 

Fio-.  15  shows  some  spiral  mills.  It  is  found  that  mills  with 
the  teeth  spaced  as  much  as  1  H  inches  apart  like  the  one  at  the 
right  will  take  roughing-  cuts  that  are  not  possible  with  the  older 
style  of  cutters,  and  they  are  also  used  for  finishing.  It  was  once 
considered  that  a  comparatively  coarse-toothed  mill,  with  nicked 
teeth,  was  a  good  thing  for  roughing,  but  for  finishing,  a  mill 
like  the  middle  one  was  needed.  But  there  is  no  good  reason  for 
this  practice.  An  analysis  of  the  action  of  cutters  shows  that 
the  mark  produced  by  a  spiral  mill  is  a  revolution  mark,  not  a 
tooth  mark.  A  high  number  of  teeth,  therefore,  can  have  verv 
little  bearing  on  the   size  of  the   revolution  mark.      It   does,   how- 
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ever,  affect  the  result  in  another  way.  The  cutting  face  of  such 
a  cutter  is  ncarlv  in  a  vertical  position,  ]3erpendicular  to  the 
work,  when  it  enters.  It  must  be  admitted  that  this  is  exceed- 
ingly disadvantageous,  because  it  is  dif^cult  for  the  tooth  in  this 
position  to  enter  the  work  and  get  under  the  chip  that  is  to  be 
formed.  The  tendency,  therefore,  is  for  the  tooth  to  slide  over 
the  work  until  the  pressure  becomes  sufficient  to  force  it  in.  It 
can  readily  be  seen  that  in  a  cutter,  having  manv  teeth,  the  chip 
per  tooth,  is  correspondinglv  smaller,  and  this  tendencv  is  there- 
fore, to  the  same  extent,  greater  than  in  a  cutter  having,  let  us 
say,  half  as  many  teeth.  This  sliding  over  effect  invariably  gives 
the  impression  that  the  material  being  milled  is  exceedingly  hard, 
and  it  is  therefore  frequently  said  that  such  results  cannot  be 
obtained  on  certain   work.      Rut  samples  from   manv   sources  have 
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been  milled  and  in  every  case  the  material  was  easily  machined, 
the  user's  whole  difficulty  having  been  a  cutter  action  like  that 
just  described,  in  which  the  cutter  chattered,  leadincr  to  the  belief 
that  the  limit  of  cut  had  been  reached,  and  the  '"slidin"^  over" 
effect  produced  a  glazed  surface,  making  the  material  appear 
intensely  hard.  There  has  been  some  investigation  along  thi-^ 
line,  and  it  is  found  that  using  one  of  the  older  cutters  on  an 
ordinary  piece  of  cast  iron,  using  a  speed  and  feed  that  seems 
proper  in  the  light  of  our  present  knowledge  of  milling,  exactlv 
this  effect  is  produced,  and  then,  by  changing  to  one  of  the  new 
cutters,  the  feed  can  be  greatly  increased  without  increasing  the 
amount  of  power  consumed ;  the  chattering  effect  does  not  exist ; 
the  glazing  does  not  appear ;  the  machine  does  not  show  anv  of 
the  former  signs  of  distress,  and  the  chips  come  oft"  in  a  manner 
that  indicates  to  the  observer  the  softest  kind  of  iron  ! 

Fig.    16   shows   this   same  principle   applied   to   saws   anrl    side 
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mills.  The  small  saw  at  the  upper  left  is  of  the  same  diameter 
as  the  one  below  it.  It  can  take  cuts  that  the  other  cannot 
approach.  The  one  with  12  teeth  does  not  have  room  enough 
between  the  teeth  to  accommodate  the  chips  produced  by  a  fast 
cut.  The  cutter  therefore  breaks,  not  because  of  the  strain  caused 
by  producing  the  chip,  but  because  of  the  pressure  resulting  from 
the  crowding  of  the  chips  in  the  space  between  the  teeth.  The 
one  with  eight  teeth  has  more  room  and  the  teeth  are  also  actually 
stronger. 

Fig.  17  shows  some  face  mills.  The  one  «)n  the  left  is  a 
new  high  power  mill.  The  teeth  are  far  apart  and  they  have 
rake  both  ways.  The  older  form  of  mill,  which  had  rake  in  only 
one  direction,  by  setting  the  blades  at  an  angle  with  the  axis 
of  the  bore,  was  based  on  an  erroneous  theory.  If  the  cutting 
were  done  entirely  by  the  face  edge  of  the  teeth,  this  would  be 
all  right,  but  the  actual  removal  of  metal  is  done  by  the  peripheral 
teeth.      Proper    rake   must    therefore    be   obtained    by    setting   the 
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blades  at  an  aiis^lc  with  tlic  radius,  in  ijrindiiii^  these,  the  corner 
shc^nld  be  kept  small,  not  over  y^  inch  radius.  If  a  large  corner 
is  used,  it  is  obvious  the  rake  ang-le  is  modified  and  may  seriously 
affect   the  successful  workinsz-  of  the  cutter. 


Fig.  is. 

The  next  two  lectures  illustrate  some  of  these  things.  1  he 
gang  in  I'^ig.  18  is  made  up  of  a  pair  of  side  mills,  a  large  inter- 
locked central  cutter,  and  two  smaller  ones,  only  one  of  whicii 
can  be   seen,  and   mills  the  seven   surfaces  of   these  pieces   at   one 
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cut.  The  combined  width  of  the  surfaces  is  16^^^  inches,  and  the 
depth  of  cut  runs  about  3/16  inch,  sometimes  less,  but  the  feed 
rate  must  be  set  for  the  heaviest  cut  taken  off,  namely,  3/16  inch. 
The  length  of  each  piece  milled  is  8^4  inches.     The  largest  cutter 
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is  10)/2  inches  in  diameter.  The  feed  is  6  3/10  inclies  a  minute, 
removing-  19  cubic  inches  of  metal.  These  figures  are  emjjhasized 
to  ilhistrate  the  advantage  of  this  wide  spaced  gang  as  compared 
with  the  sort  of  gang  formerly  used. 

Fig-.  19  shows  the  gang-  used  in  the  preceding  picture,  and 
also  the  former  gang  with  the  side  cutters  taken  off.  This  older 
gang-  was  used  one  year,  and  then  had  to  be  thrown  away,  be- 
cause it  was  completely  worn  out.  The  new  gang,  when  photo- 
graphed, had  been  in  use  two  and  a  half  years,  is  still  practically 
a  new  gang,  and  has  been  doing  its  work  at  a  feed  twice  as  fast 
as  the  old  gang  ever  could  do  it.  The  old  one,  when  milling  a 
lot  of  123  pieces,  which  is  the  quantity  in  which  thev  are  niade, 
would  have  to  be  sharpened  at  least  once,  sometimes  twice,  before 
the  125  were  done.     The  new  gang  mills  125  without  stopping  to 


Fig.  20. 


sharpen,  and  without  slowing  down  the  feed  rate.  This  illustrates 
the  fact  that  this  new  kind  of  cutter  lasts  longer,  re(|uires  less 
time  for  sharpening,  and  will  produce  a  great  deal  more  work: 
in  other  words,  gets  more  work  out  of  the  milling  machines. 
This  statement,  of  course,  refers  to  machines  of  recent  design. 
The  older  ones  are  not  capable  of  working  up  to  an}\vhere  near 
the  capacity  of  these  new  cutters. 

Fig.  20  shows  some  of  these  cutters  milling  steel,  the  width 
of  the  surface  is  about  an  inch.  It  is  a  bar  iji  inches  in  diam- 
eter. The  cut  is  about  3/16  inch  deep.  Two  of  them  are  milled 
side  by  side.  The  cutters  are  3^  inches  diameter.  The  teeth 
are  spaced  very  wide.  The  pieces  are  fed  through  at  a  table 
travel  of  16  inches  per  minute,  and  a  very  satisfactory  surface  is 
produced.     You  can  see  from  the  chips  that  they  go  through  fast. 
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I'his  cutter  development  is  not  yet  completed  and  probablx 
never  will  be  completed,  because  as  the  jjrocess  of  milling  devel- 
ops further  improvements  in  cutters  will  follow. 

It  mig"ht  be  added  in  closing-,  that  the  development  has  alread}' 
gone  further  than  these  pictures  indicate.  Spiral  mills  with  teetli 
spaced  even  farther  apart,  are  in  use.  A  spiral  an^le  of  about 
30  degrees  is  being-  used  with  advantage.  These  cutters  do  not 
cost  more  to  make  than  the  old  style  ;  thev  cost  less  to  maintain, 
and  thev  last  longer.  Thev  also  do  much  faster  work  on  ma- 
chines that  have  the  strength  to  stand  Uj)  under  the  service. 

Xow,  some  of  these  statements  may  seem  extravagant,  but 
every  example  shown  was  taken  from  practice.  Xot  one  was  set 
u])  as  an  experiment,  but  all  were  selected  from  work  rcgularlv 
in  course  of  manufacture. 

Replying  to  questions  which  have  been  asked,  1  aiu  not  pre- 
])are(l  to  state  a  fixed  rule  for  determining  how  many  teeth  to  put 
in  a  cutter.  The  investigations  are  not  yet  finished.  lUit  so  nuicli 
has  already  been  accomplished  that  it  seemed  tiiue  to  tell  about  it, 
although  there  is  more  yet  to  be  done. 

It  has  alreadv  been  said  that  on  some  special  oi"»erations  .'!4-inch 
cud  mills  with  only  three  teeth  in  them  are  now  in  use.  The  onI\ 
thought  followed  in  making  these  cutters  with  three  teeth  was. 
that  thev  would  be  better  than  with  four.  When  confronted  with 
the  (|uestirin  whether  to  put  12  teeth  or  21  teeth  into  a  cutter.  1 
would  certainK-  feel  nearer  right  in  deciding  on  the  smaller  rather 
than  the  larger  number.  Some  of  the  reasons  wh\-  the  smaller 
number  is  ])referable  to  a  large  number  of  closely  spaced  teeth, 
ma\-  be  described  as  follows:  in  the  first  place,  each  tooth  must 
be  given  a  chance  to  produce  a  chip.  One  wa\-  to  accomplish  it 
is  by  putting  fewer  teeth  in  the  cutter.  As  an  example  of  the 
ordinary  cutter  taking  a  finishing  cut,  suppose  a  cutter  3^2 
inches  in  diameter  with  20  teeth,  feeding  0.020  inch  to  a  revolu- 
tion, taking  a  finishing  0.010  inch  deep,  and  assuming  that  it  is 
practical  to  get  a  cutter  to  revolve  dead  true,  then  in  this  hypo- 
thetical case  each  tooth  is  taking  off  a  little  wedge  that  is  0.001 
inch  thick  at  the  large  end  and  about  0.020  inch  long.  Knowing 
that  cutters  never  will  run  dead  true,  it  is  evident  that  some  teeth 
have  no  chance  at  all,  others  will  ride  over  the  work,  and  onl\- 
the  high  ones  will  do  any  cutting.  Obviouslw  a  cutter  with  half 
as  luany  teeth  gives  each  tooth  a  better  chance  and  thereb\-  reduces 
the  "sliding  over"  effect;  retluces  the  tendencv  to  chatter;  pre- 
vents rapid  dulling,  and  avoids  much  of  the  heating  that  results 
from  the  "sliding  over"  of  the  fine  tooth  cutter. 

In  regard  to  lubrication:  Xearl\-  all  of  the  examples  shown 
were  cast  iron  work.  Some  were  on  steel,  some  alumimnn.  (Jn 
these  there  was  provision  f(jr  copious  lubrication.  A  milling 
machine  should  be  provided  with  a  pump  that  can  deliver  a  suf- 
ficiently strong  stream  of  lubricant  to  thoroughlv  wash  the  chips 
off  as  fast  as  they  are  formed.  A  good  example  of  the  necessity 
of  this  is  milling  solid  ends  of  engine  connecting  rods.  One  of 
these  was  brought  to  my  attention  only  a  few  days  ago.  It  was 
a  forging  3-)4  inches  thick.  A  square  hole  had  to  be  cut  in  the 
end  to   receive  the  brasses.      Those  of  you   who  are    familiar   with 
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engine  building  know  that  the  usual  way  is  to  (h-ill  anHuitl  the 
periphery  of  the  hole,  then  knock  the  core  out  and  slot  the  hole 
to  size.  With  a  properly  designed  cutter  and  a  milling  machine 
that  can  do  it.  by  which  is  meant  one  that  is  not  only  strong 
enough,  but  one  that  has  the  conveniences  to  enable  the  operator 
to  properly  handle  it.  that  job  can  be  done  by  simplv  drilling  one 
hole  in  one  corner,  feeding  the  cutter  through,  and  then  feeding 
around  the  periphery  of  the  hole,  dropping  cut  the  core,  and  then 
going  around  the  second  time  to  bring  it  to  size.  This  reciuires 
a  machine  on  which  it  is  possible  for  the  operator  to  stand  where 
he  can  at  all  times  see  the  cutter,  and.  by  means  of  his  levers, 
make  the  four  changes  in  direction  without  stopping.  It  also 
requires  a  proper  cutter.  In  the  present  case  the  cutter  was  1 J4 
inches  diameter,  had  four  teeth  at  about  a  30-degree  angle.  The 
outer  end  of  the  cutter  was  ])rovided  with  a  substantial  bearing. 
The  first  cut  through  the  solid  metal  was  taken  at  a  feed  of  ]/> 
inch  per  minute.  A  powerful  stream  of  oil  was  delivered  between 
the  teeth  of  the  cutter  to  drive  the  chips  out ;  otherwise  stich  work 
could  not  be  done  at  all.  This  is  mentioned  not  only  as  a  remark- 
able job,  but  because  it  is  prompted  by  this  question  of  lubrication 
and  the  necessity  for  it.  It  is  probable  that  the  time  is  not  far 
ofif  when  a  fluid  of  some  kind  will  be  used  to  wash  the  chips  away 
when  milling  cast  iron.  Compressed  air  is  used  a  great  deal  now. 
but  compressed  air  is  very  objectionable,  because  it  blows  the  dust 
all  over  the  shop. 

\\"hen  increasing  the  feed  on  a  milling  job,  assuming  a  spiral 
mill,  it  is  invariablv  a  tirst  cut  or  roughing  cut.  The  feed  rate 
on  finishing  cuts  is  not  up  to  the  cutter  or  the  machine,  but  is 
determined  entirely  by  the  grade  of  finish  required,  bearing  in 
mind  that  a  revolution  mark  cannot  be  avoided.  The  rate  of  table 
travel  per  revolution  must  be  determined  by  the  distance  it  is  per- 
missible for  the  revolution  marks  to  be  apart. 

As  to  providing  rake  for  all  materials.  On  aluminum  no 
rake  should  be  used.  On  steel,  rake  is  desirable,  also  on  cast 
iron.  On  the  other  hand,  with  copper,  such  as  is  used  in  buss 
bars  and  other  parts  of  electrical  apparatus,  negative  rake  is 
absolutelv  necessary. 

A  good  rule  to  bear  in  mind  is  that  wherever  a  single  point 
tool  can  be  used  continuously  in  the  metal,  as  on  an  ordinary 
boring  mill  job,  it  will  not  pay  to  mill  it.  iUit  if  only  a  part  of 
the  circumference  is  to  be  finished,  so  that  a  boring  tool  will  be 
cutting  wind  j^art  of  the  time,  then  it  will  pay  to  mill.  There  are 
some  exceptions,  as  for  instance,  in  the  case  of  eccentric  rod 
straps  and  similar  parts  that  have  an  irregular  surface  which  must 
be  made  to  gauge  and  interchangeable.  Such  work  can  often  be 
milled  with  a  gang  quicker  and  better  than  it  can  be  done  on  a 
machine  using  a  single  point  tool. 

It  is  not  hard  to  keep  the  cutter  cool  when  doing  continuous 
milling.  1  f  the  cutter  is  properly  constructed,  it  won't  get  hot. 
Cutters  get  hot,  not  from  cutting  oft  metal,  but  from  rubbing 
over  the  metal.  Many  jobs  get  very  hot.  On  one  case,  a  machine 
capable  of  taking  15  11.  P.  cuts,  was  doing  about  a  6  II.  T.  job 
in  cast  iron,  and  after  working  about  three-(juarters  of  a  day,  got 
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so  hot  all  over  that  one  could  hardly  bear  his  hand  on  it.  The 
machine  was  motor-driven,  and  had  an  ammeter  on  it.  It  was 
stO])ped,  the  work  was  taken  out,  and  the  machine  was  run  idle 
to  determine  whether  there  were  any  injured  bearings  which 
would  show  up  in  an  excessive  idle  load.  The  readings  of  the 
ammeter  showed  normal  conditions.  Further  examination  showed 
all  bearing's  in  good  shape.  The  heating  was  all  induced  heat 
coming  from  the  improperly  constructed  cutters.  A  new  gang 
was  made  up  in  accordance  with  the  later  ideas,  and  with  it  the 
job  was  done  a  little  over  twice  as  fast  without  the  slightest  sign 
of  heat,  because  the  new  gang  removed  the  metal  freely  and  did 
not  rub  or  slide  over  the  work  and  produce  tremendous  heat  bv 
friction. 

Gcnerallv  speaking,  the  cut  should  alwaws  be  against  the  cut- 
ter, not  with  the  cutter.  The  whole  action  is  more  satisfactory. 
For  instance,  when  taking  a  roughing  cut  in  cast  iron,  if  the  feed 
is  against  the  cutter  it  gets  under  the  scale.  Tf  you  feed  with 
the  cutter,  the  cutter  is  always  entering  through  the  scale,  which 
is  bad  for  the  cutter.  There  are  exceptions.  In  the  construction 
of  these  machines  there  are  some  bars  24  to  30  inches  long,  from 
1/-^  to  3  inches  wide,  of  cast  iron.  It  is  desired  to  take  a  rough- 
ing cut  from  them  as  fast  as  jiossible.  They  are  placed  on  a 
horizontal  machine,  with  a  spiral  mill,  and  W-d  both  ways  as  fast 
one  way  as  the  other,  sometimes  as  nuich  as  36  inches  ])er  minute. 
Generally  speaking,  feeding  with  the  cutter  is  unsatisfactory,  be- 
cause the  cutter  tends  to  pick  up  whatever  lost  motion  there  is  in 
the  machine,  and  it  does  not  seem  possible  to  make  a  machine 
without  some  lost  motion.  That  creates  a  tendency  to  gouge,  and 
causes  trouble.  It  is  good  practice  to  always  feed  against  the 
cutter. 

On  bar  work,  such  as  described,  if  it  is  of  similar  nature  and 
the  results  desired  are  merely  roughing,  it  can  be  done,  but  some 
caution  is  necessar}'.  It  is  not  recommended,  because  an  operator 
mav  go  ahead  without  thinking  of  all  the  things  that  he  ought  to 
think  about,  and  get  into  trouble.  It  really  is  not  the  proper  way 
to  mill.     The  feed  should  always  be  against  the  cutter. 

The  paper  previously  referred  to  by  ^Ir.  DeLeeuw,  presented 
at  the  last  May  meeting  of  the  American  Societ\-  of  Mechanical 
Engineers,  held  at  Pittsburgh,  included  actual  working  drawings 
of  a  lot  of  these  cutters,  and  gave  as  fully  as  possible  in  the  space 
allotted,  a  discussion  of  these  cutters,  and  the  underlying  principles 
on  which  their  design  is  based. 
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Water  Purification 


PURIFICATION    OF    WATER    BY    FILTRATION 

By  R.  W'ixthrop  Pratt,  M.  Am.  Soc.  C.  E. 

The  filtration  of  public  water  supplies  for  the  purpose  of  re- 
movino;  sediment  and  other  impurities  has  been  practiced  in 
Europe,  especially  in  Eng-land,  for  the  last  60  or  70  years,  or 
more. 

The  method  used  was  what  is  now  called  the  slow  sand  sys- 
tem, and  consisted  in  passing-  the  water  through  sand  beds  at 
relatively  slow  rates  ;  and  without  first  using  chemicals  to  produce 
a  coagulation  of  the  impurities.  European  methods  of  filtration 
were  proposed  for  use  in  this  country,  as  early  as  1866.  and  during 
the  few  years  following  were  installed  in  several  of  our  smaller 
cities.  In  some  cases,  where  the  character  of  the  water  supply 
was  similar  to  that  of  the  English  supplies,  the  filters  were  suc- 
cessful ;  but  in  other  cases,  where  turbid  waters  were  treated, 
success  was  not  attained. 

In  1890.  the  Massachusetts  State  Board  of  Health,  at  its 
Lawrence  Experiment  station  began  an  extended  investigation  of 
the  principles  underlying  the  purification  of  water  by  filtration, 
and  of  the  nature  of  the  processes  involved.  Merrimac  river 
w^ater  was  used  in  these  studies. 

Three  years  later,  in  1893,  based  on  the  results  of  the  work 
at  the  Experiment  station,  and  also  following  European  precedent, 
a  filter  was  built  to  purify  the  entire  water  supply  of  the  city  of 
Lawrence.  This  was  the  first  filter  in  the  United  States,  installed 
expressly  for  the  purpose  of  reducing  the  typhoid  fever  death  rate. 
Its  success  is  well  known — the  typhoid  death  rate  having  been 
reduced  some  80  per  cent.  This  did  much  to  stimulate  interest 
in  filtration  in  other  American  cities ;  and  during  the  next  few 
years  the  installation  of  filters  of  the  slow  sand  type  was  begun 
by  Albany,  Washington,  Philadelphia  and  Pittsburg. 

About  1884,  there  was  invented  the  American  or  Mechanical 
system  of  water  filtration.  The  essential  features  of  this  method 
were,  and  still  are.  first,  the  addition  of  a  coagulant  to  the  water 
before  it  is  applied  to  the  filtering  material :  second,  the  passage 
of  the  water  through  the  sand  layer  at  a  rapid  rate ;  third,  provi- 
sion for  cleaning  the  sand  layer  in  place,  by  means  of  a  reverse 
current  of  water  instead  of  removing  the  dirtv  sand,  as  with  the 
slow  sand  system. 

Mechanical  filters  were  first  used  principally  by  paper  manu- 
facturers, who  required  a  clear  water.      Their  use  as  a  means    ->t 
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In^icnicalK  i)urif}in_o-  the  water  was  nut  Licnerally  begun  until 
within  the  last  10  or  12  years.  'Jlie  efficiency  of  the  principles 
of  mechanical  filtration  for  municipal  supplies  was  perhaps  first 
l)roven  during  experimental  tests  at  Louisville  and  Cincinnati,  in 
18<)7  and  1898.  These  cities  are  representative  of  a  large  class 
in  the  middle  west,  which  has  to  use  a  clay-bearing  water,  and 
one  that  cannot  be  i)urified  bacteriall}',  or  even  clarified  by  the 
slow  sand  system.  The  (le\'eli)pment  of  mechanical  filtration  to 
its  present  state  of  efficiency  has  been  necessary  to  meet  the  de- 
mands of  such  cities. 

The  cost  of  installing  filter  plants  mav  range  from  $10,000  to 
$40,000  or  even  $50,000  per  1,000.000  gall.^ns  capacity.  This  unit 
cost  varies  with  the  size  of  the  plant,  the  character  of  the  water 
to  be  treated,  the  expense  necessary  to  connect  with  the  existing 
water  system,  and  other  local  considerations.  For  example,  the 
cost  of  installing  the  raw  \yater  pumps  would  be  much  less  in 
places  along  the  Great  Lakes  than  it  would  be  on  the  (Jhio  river, 
\yhcre  the  water  level  fluctuates  50  or  60  feet. 

Studies  b\  the  (  )hi;i  State  Board  of  Health,  of  11  filter  plants 
in  (  )Iii(»,  namely,  those  at  Cost  per  1,000.000  Gal's. 

Cincinnati    $49,830 

Dennison    26.000 

Elyria    10.000 

Geneva    13,000 

Lorain    12.000 

lAlarietta    10.000 

Rocky  River    14.000 

Upper    Sandusky    15.000 

Vermilion   ' 8.000 

Warren    13.000 

Youngstown 13.000 

have  shown  the  average  cost  i)er  1.000,000  gallons  capacit\-  to  be 
about  $17,000.  Excluding  the  Cincinnati  plant,  however,  which 
cost  $49,830  per  1,000.000  gallons  capacity,  the  average  cost  of  the 
remaining  ten  is  only  $13,000  per  1,000.000  gallons  capacity.  The 
average  cost  per  capita  (based  on  ultimate  capacity  of  plant), 
excluding  Cincinnati,  was  found  to  be  about  $1.50. 

Slow  sand  filters  are  in  general  more  costly  to  l)uild.  hut 
cheaper  to  operate  than  mechanical  filters.  This  statement  is  made 
with  the  assumption,  of  course,  that  the  slow  sand  filters  are  in- 
stalled only  where  the  water  is  sufficiently  clear  to  enable  them  to 
be  operated  with  reasonable  periods  of  service  between  cleanings. 
Operating  costs  vary  greatly  with  the  quality  of  the  raw  water 
and  the  character  of  the  treatment.  Lake  waters  drawn  from 
points  removed  from  shore,  are  cheapest  to  treat ;  while  muddy 
river  waters  are  most  expensive. 

Special  treatment  to  remove  color  or  odor  add  to  the  cost ; 
and  water  softening  mav  increase  it  two  or  three  times.  Cnder 
ordinary  conditions  filtered  water  mav  be  obtained  at  a  cost  ot 
$10  per  1.000.000  gallons,  including  interest  and  depreciation 
charges.      This  figure  will  vary   from  $5  to  $20. 

With  slow  sand  filters  the  principal  operating  cost  is  the  labor 
and  maintenance  of  equipment  used   for  washing  the  sand,      ^^'ith 
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mechanical    filtration,    the    cost    of    chemicals    and    of    lahni-.    which 
are  about  equal,  constitute  the  largest  items. 

In  Ohio,  it  was  found  that  the  operating-  costs,  excluding  in- 
terest charges,  ranged  from  $2.55  per  1,000,000  gallons  at  Klyria 
to  $12.10  at  Warren,  with  Youngstown  second  highest  at  $10.67. 
This  great  difiference  in  cost  is  largely  due  to  the  superior  quality 
of  Lake  Erie  water  taken  from  a  point  fairly  remote  from  pollu- 
tion, over  that  of  the  turbid  and  polluted  Mahoning  river. 

In  considering  the  cost  of  maintaining  a  filter  plant,  attention 
should  be  directed  to  the  comparatively  small  increase  in  the  cost 
of  supplying  filtered  w^ater  over  that  of  supplying  unfiltered  water. 
This  increase  is  rarely  more  than  25  or  30  per  cent,  and 
frequently  only  10  or  15  per  cent.  In  any  case,  the  increase 
should  not  amount  to  more  than  50  cents  to  $2  j^er  person  per 
year — a  small  price  to  pay  for  enjoying  pure  water  and  all  of  its 
benefits. 


DISIXFECTIOX  OF  WATER   BY  CHEMICALS 
By  Dk.  R.   Ci.   Pkrkixs. 

This  term  is  to  be  translated  more  or  less  literally,  as  it  means 
merely  getting  rid  of  all  forms  of  animal  or  plant  life,  which  may 
set  up  disease  or  give  rise  to  unpleasant  conditions  of  the  water. 

Removal  of  the  non-pathogenic  varieties  was  the  first  of  the 
uses  to  which  chemical  disinfection  was  put  and  while  at  first 
great  things  were  claimed  for  the  various  processes,  certain  dif- 
ficulties were  found  to  be  present  which  have  modified  our  actions 
to  a  large  extent.  Of  the  various  chemicals  used,  the  only  one 
which  has  at  present  a  practical  use  is  copper  sulphate,  which  is 
used  for  clearing  reservoirs  from  the  fresh  water  algae  which 
develop  in  them,  especially  in  the  warm  weather.  In  most  cases, 
a  strength  of  about  one  part  of  copper  sulphate  to  the  million 
parts  of  water  is  sufficient  to  destroy  all  the  algae,  and  to  leave 
the  water  clear  after  the  dead  forms  have  disappeared.  It  must 
be  considered,  hmvever.  that  it  has  been  found  in  manv  cases  that 
the  algae  return  in  increased  numbers  after  a  short  interval,  and 
in  others  that  there  are  resistant  forms  which  cannot  be  killed  by 
a  dilution  which  will  not  be  injurious  to  higher  forms  of  life.  The 
earlier  claims  that  this  method  would  kill  pathogenic  bacteria  in 
the  above  dilutions  have  not  been  substantiated. 

We  are  at  present  more  interested  in  the  disinfection  of  water 
from  the  stantlpoint  of  removal  of  the  pathogenic  forms,  especiallv 
those  of  the  type  of  typhoid,  Asiatic  cholera,  dysentery,  etc.  The 
essential  of  a  successful  disinfection  would  obviousK-  be  the  total 
and  constant  destruction  of  all  of  these  organisms  h\  the  use  of 
quantities  of  the  chemical  which  would  be  so  small  as  to  cause  no 
danger  per  se,  or  interfere  with,  domestic  or  commercial  uses 
of  the  water.  There  are  then  certain  definite  indications  for  the 
use   of   a   disinfectant,    and   even    for    the   period    of    use   and    the 
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strength  of  the  cheniicaL     There  are  in  general  three  sets  of  cir- 
cumstances leading-  to  disinfection : 

1.  Impure  water  with  no  immediate  prospect  of  permanent 
improvement.  Here  the  use  should  be  continued  until  the  estab- 
lishment of  a  permanent  safe  supply. 

2.  Where  there  is  a  water  supply  which  has  been  made  safe 
by  tiltration  or  other  means,  there  should  be  an  emergency  ap- 
paratus at  hand  for  temporary  treatment  in  case  of  accident  to 
the  plant. 

3.  Where  there  is  a  properly  constructed  filtration  plant 
treating  polluted  water,  it  is  now  considered  best  to  use  a  small 
amount  of  disinfectant  after  the  filtration  to  protect  against  any 
possible  errors. 

With  these  points  as  the  essential  indications  for  disinfection, 
one  may  consider  the  choice  of  an  agent.  Ozone  and  chlorine 
are  the  chief  chemical  agents  to  be  considered,  since  the  ultra-violet 
rav  is  rather  physical  than  chemical.  One  may  sav  in  passing 
that  the  latter  is  entirely  unsuitable  for  our  purposes  in  Cleveland 
since  it  will  work  only  in  a  clear  water,  necessitating  preliminary 
filtration. 

Orjoiic  and  cliloriiie  then  are  left,  and  they  act  by  the  setting- 
free  of  molecules  of  so-called  tiascciit  o.vyo^cii,  which  has  an  oxid- 
izing- power  of  extraordinary  strength.  When  water  is  treated  by 
these  agents,  the  nascent  oxygen  attacks  all  organic  matter  with 
great  vigor,  and  inasmuch  as  the  efifect  is  in  direct  proportion  to 
the  exposed  surface,  it  is  clear  that  bacteria,  being  very  finely 
divided  organic  matter,  will  be  among  the  first  to  be  oxidizecl. 
There  is  thus  no  specific  action,  but  the  pathogenic  germs  share 
the  fate  of  the  inert  organic  matter.  The  germs,  however,  are 
more  or  less  well  equipped  to  meet  harnrful  influence  and  it  thus 
happens  that  a  verv  definite  amount  is  necessary,  and  that  some 
varieties  arc  more  resistant  than  others.  Fortunately  the  varieties 
which  cause  the  water-borne  diseases  are  among-  the  least  resistant. 

I)0th  these  methods  have  been  extensively  tried,  and  both  have 
their  good  and  bad  points.  From  the  enormous  increase  of  the 
use  of  chlorine  as  against  the  very  slow  spread  of  the  use  of  ozone 
it  is  clear  that  the  apparent  advantages  are  on  the  side  of  the 
former.  Ozone  is  procured  by  the  passage  of  an  arc  through  dry 
air  and  then  passing  this  air  through  the  water  to  be  treated.  The 
difficulties  are:  First — the  need  of  an  expensive  and  more  or  less 
complex  apparatus;  Second — the  necessity  of  (/;-\'  air,  re(|uiring  a 
special  drying  apparatus  in  addition  to  the  other;  Third — the  need 
of  a  storage  reservoir,  as  there  is  no  other  possibility  of  reserve: 
Pourtli— that  the  method  is  not  at  all  standardized. 

The  main  advantage  is  that  the  public  is  so  pleased  at  the 
idea  of  the  use  of  life-giving  oxygen  that  it  offers  no  objection  to 
the  use  of  the  chemical,  though  this  in  greater  strengths  is  a 
definite  poison. 

The  objections  to  the  use  of  chlorine,  leaving-  out  for  the 
present  those  without  foundation,  are :  I'irst — the  introduction 
of  a  chemical  with  a  disagreeable  odor,  taste  and  associations ; 
Second — the  use  of  a  chemical  which  is  known  to  have  corrosive 
and  bleaching  powers. 
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The  advantages  of  chlorine  are  the  cheapness  and  simphcity 
of  the  process  which  are  not  approached  by  any  other  method,  tlic 
standardization,  the  fact  that  even  where  a  power  mixing  phuit  is 
used,  hand  mixing  could  be  readily  resorted  to,  so  that  there  is  no 
danger  of  an  interruption  of  the  dosing. 

Neither  process  afifects  the  turbiditx,  the  hardness  or  the  gen- 
eral appearance  of  the  water. 

It  is  the  opinion  of  most  sanitarians  that  ozone  is  still  in  the 
experimental  stage  and  that  chlorine  is  a  disinfectant  which  has 
practically  revolutionized  the  water  problem.  In  the  United  States 
alone  there  are  over  two  hundred  places  which  are  using  the 
method,  and  there  is  a  very  large  and  increasing  number  abroad. 

One  may  use  chlorine  in  the  form  of  gas  under  pressure  and 
there  are  special  apparatuses  on  the  market  for  the  dosage.  One 
may  make  the  gas  by  electrolysis  of  salt  water,  or  one  mav  use 
the  commercial  chloride  of  lime,  also  known  as  bleaching  powder, 
which  is  made  by  the  saturation  of  lime  with  the  chlorine  formed 
in  the  process  of  manufacture  of  caustic  soda  by  the  aforesaid 
electrolytic  method.  For  practical  purposes  the  chloride  of  lime 
has  been  found  most  useful,  though  there  are  certain  definite  ad- 
vantages in  the  electrolytic  chlorine. 

\\'hatever  the  method  b\-  which  the  active  agent  is  obtained,  it 
is  always  the  same,  and  is  spoken  of  as  available  chlorine.  jNIore- 
over.  the  active  strength  is  also  the  same,  as  established  by  a  large 
amount  of  experimental  work,  and  as  a  result  of  this  work  one 
may  say  that  a  proportion  of  one  part  of  available  chlorine  to  one 
million  parts  of  water  will  destroy  all  the  germs  of  water-borne 
diseases.  As  the  result  depends  on  the  action  on  organic  matter 
as  sucJi  it  is  clear  that  the  amount  of  organic  matter  normally 
present  in  the  water  will  have  a  bearing  on  the  proper  dosage,  and 
that  waters  with  a  great  variation  in  the  organic  content,  as  is 
true  of  our  water  here,  will  require  a  greater  factor  of  safetv  than 
others. 

The  fact  of  perhaps  greatest  importance  is  that  there  is  ap- 
parently a  critical  point  in  dosage,  at  which  satisfactorv  results 
will  be  obtained,  but  below  which  it  is  not  safe  to  go.  \Mth  the 
Cleveland  water  it  was  found  experimentally,  for  instance,  that 
0.6  to  1,000,000  was  adequate  but  that  0.5  was  not.  Moreover  it 
is  also  true  that  a  marked  excess  over  this  point  is  of  no  value 
as  the  total  efficiency  has  already  been  obtained.  Continuance  of 
the  experiments  indicated  that  0.7  allowed  the  necessarv  factor  of 
safety,  except  imder  extraordinary  conditions,  when  it  will  be 
advisable  to  make  a  temporary  increase. 

A\'hen  the  chlorine  is  put  into  the  water  where  there  is  chance 
for  aeration,  as  at  the  entrance  to  a  reservoir,  there  is  a  verv  rapid 
action  and  a  very  rapid  disappearance  of  smell  and  taste,  but 
where  the  circumstances  are  as  in  Cleveland,  with  the  actual  place 
of  intake  inaccessible  during  a  large  part  of  the  year,  this  ideal 
method  camiot  be  used.  Accordingly  it  is  necessarv  to  put  the 
chemical  into  the  pump  well,  where  there  is  an  interval  of  less 
than  five  minutes  before  it  goes  under  pressure.  The  killing  efifect 
has  been  satisfactory  at  this  time,  but  the  taste  persists  for  a  time 
dependent  mainly  on  the  temperature  of  the  water,  lasting  longer 
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in  c(tl(l  water,  ordinariK  from  M)  minutes  to  an  lidiir.  while  the 
odor  persists  practically  until  the  water  is  released  from  pressure 
at  the  tap.  The  amount  of  odor  will  decrease  with  the  increase  of 
time  from  the  intake  and  at  distant  points  will  be  only  appreciable 
by  keen  senses,  while  at  nearer  points  it  may  be  readily  smelt,  for 
instance,  at  the  time  of  the  morning-  bath.  The  actual  disappear- 
ance is  rapid,  tests  showing-  that  when  samples  are  taken  at  once 
and  after  five  minutes  there  is  already  a  decrease  of  nearly  50 
per  cent,  and  when  the  water  reaches  the  consumer  there  is  pres- 
ent less  than  one  part  in  ten  million,  so  high  a  dilution  that  to 
scientific  men  it  is  hardly  necessary  to  point  out  the  absence  of 
danger. 

Wherever  the  method  has  been  tried,  it  has  proved  successful 
in  reducing  the  water-borne  diseases,  and  this  has  been  notably  the 
case  in  Cleveland,  where  at  the  time  of  introduction  of  the  process, 
there  were  all  the  weather  and  water  conditions  suitable  for  the 
development  of  a  serious  epidemic,  which,  however,  failed  to 
appear.  The  typhoid  rate  in  December  has  been  the  lowest  for 
many  years,  though  the  general  water  conditions  have  been  very 
unfavorable.  In  fine,  the  results  of  chemical  treatment  with 
chlorine  have  been  found  here  and  elsewhere  to  reduce  t\-phoid 
to  a  very  large  extent  and  to  reduce  the  pollution  of  the  water 
as  indicated  by  the  daily  tests  at  the  city  laboratory,  which  have 
been  carried  on  since  1904,  while  there  has  been  absolutely  no 
positive  evidence  of  the  slightest  ill  results  to  persons  who  drink 
the  water.  The  objections  are  in  the  main  sentimental,  and  at 
times  hysterical,  but  all  the  proof  lies  on  one  side  of  the  case. 


Note. — Cost  of  process.  Apparatus  for  small  communities  pumping 
200,000  to  500,000  gallons  a  day  may  be  established  for  less  than  $25. 
Where  there  is  a  reservoir,  very  large  quantities  may  be  treated  at  a  ver}' 
low  cost,  and  the  only  real  expense  lies  in  the  establishment  of  the  large 
tanks  and  the  power  mixer  advisable  for  large  communities.  The  cost  of 
the   Cleveland   plant   was   $4,143.68. 

The  cost  of  the  bleach  is  usually  from  $20  to  $25  a  ton,  and  roughly 
one-third  of  this  represents  the  available  chlorine.  With  the  weight  of  a 
gallon  as  eight  and  one-third  pounds  one  may  calculate  twenty-five  pounds 
of  the  powder  as  able  to  disinfect  one  million  gallons  at  a  strength  of  one 
part  in  the  million.  From  this  the  daily  cost  may  be  readily  computed. 
Tests  of  the  bleach  should  be  frequent  to  check  irregularities.  The  dosing 
outfit  should  be  so  arranged  as  to  prevent  the  ingress  of  any  of  the 
sediment  and  should  allow  of  flexibility  in  flow  in  case  of  changes  in 
pumpage   or   in   the  qualit}'   of    the    water. 


PURIFICATION  BY  OZONE 

The  Destructiox  of  Patheogenic  Bacteria  ix  Water  by  the 
Application  of  Ozone 

Bv  R.  M.  Leggett 
{Paper  read  by  R.  H.  Klauder.) 
One  of  the  most   convincing-  arguments   in   favor  of   our  ad- 
vanced civilization  lies  in  the  fact  that  governments,  both  national 
and  municipal,  have  taken  to  themselves  the  task  of  guarding-  the 
public  health. 
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A  sick  or  dead  citizen  ceases  to  be  an  asset  to  anv  com- 
munity, and  in  a  great  many  instances  becomes  a  liability.  The 
trend  of  modern  medicine  is  to  prevent  disease,  to  teach  people 
how  to  keep  well,  more  than  to  make  them  well  when  stricken. 

Thus,  modern  conditions  place  responsibilities  upon  cities  that 
did  not  exist  a  decade  ago.  The  city  governments  today  are 
responsible,  to  a  great  extent,  for  the  health  and  safety  of  every 
citizen.  They  supply  an  adequate  police  force  to  protect  the 
public  in  so  far  as  it  is  possible  to  do  so,  they  provide  asylums 
for  the  insane  and  hospitals  for  the  sick,  but  so  far  as  public 
health  is  concerned,  a  great  many  cities  lock  the  stable  door  after 
the  horse  has  been  stolen.  This  they  do  by  compelling  the  citizens 
to  drink  water  containing  sewage  pollution  and  disease  producing 
bacteria.  To  quote  Ellice  Hopkins,  'Tt  is  better  to  fence  the 
precipice  at  the  top.  than  to  wait  with  an  ambulance  at  the 
bottom." 

The  majority  of  American  citizens  have  learned  bv  ver\-  bitter 
experience  that  it  is  costly  to  provide  for  their  inhabitants  a  pol- 
luted drinking  water. 

A'erv  rapid  strides  have  been  made  bv  sanitary  engineers  in 
the  last  10  years,  and  their  labors  have  resulted  in  placing  at  the 
disposal  of  cities  various  devices  having  as  their  object  the 
purification  of  water. 

Water  purification  embraces  two  principle  acts,  first,  the  re- 
moval of  matter  in  suspension;  second,  the  destruction  of  matter 
in  solution. 

Suspended   matter  comprises : 

First — The  grosser  particles,  such  as  clay.  sand,  leaves  and 
parts  of  dead  fish,  sewage,  etc. 

Second — ]\Iicro-organisms. 

Third — Bacteria. 

The  soluable  content  is  composed  of  the  organic  compounds 
due  to  animal  and  vegetable  decomposition,  and  mineral  con- 
tamination from  factories,  and  natural  conditions  of  soil  and  rock. 

In  all  problems  of  water  purification,  we  have  first  to  deal 
with  that  which  causes  disease,  and  after  that,  with  those  contents 
that  cause  unpleasant  but  harmless  odors,  colors  and  tastes. 

The  water  to  be  treated  by  ozone  nuist  usually  first  be  passed 
through  a  rapid  roughing  filter.  This  simply  acts  as  a  strainer, 
removing  the  grosser  matter  in  suspension.  Particles  of  sewage, 
dead  leaves  and  organic  matter  absorb  so  much  ozone,  that  if 
present  in  the  water  to  be  treated,  reduce  the  efticiencv  of  the 
system,   unless   first   removed   in   this   wav. 

If  the  pre-filter  removes  the  gross  matter,  the  ozone  will  re- 
move the  bacteria  and  the  organic  matter  in  solution,  the  eftluent 
being  clear,  pure  and  free  from  odor,  color  or  taste. 

Ozonization  is  but  anoihcr  name  for  o.xidation  and  it  is  bv 
rapid  and  more  or  less  complete  oxidation  that  the  desired  results 
are  accomplished. 

Ozone  is  allotropic  oxygen  expressed  by  the  symbol  (_h,  as 
distinguished  from  oxygen.  0-.  i  is  an  unstable  form  that  tends 
to  give  up  its  extra  atom. 

Bacteria    are   composed    of   about    86   per    cent    water   and    18 
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per  cent  of  rn-i^anic  matter,  6  to  (S  per  cent  of  which  is  carbon. 
The  contact  of  these  bacteria  with  ozone  spells  their  instant  de- 
struction, as  the  carbon  is  reduced  by  oxidation  to  carbonic  acid, 
the  water  is  freed  from  the  ori^ianic  matter  and  we  have  as  a 
result,  water,  carbonic  aciil  and  nitrous  and  nitric  oxides. 

In  water  hiqhlv  contaminated  with  mineral  salts,  these  gases 
ma\  \crv  slightly  increase  the  nitrates  and  carbonates,  but  on  such 
a  minute  scale  as  to  be  hardly  detectable  by  analysis. 

It  has  been  estimated  that  one  million  bacteria  represent  one- 
sixteenth  of  a  millig-ram  total  weight,  of  which  as  stated  80  to  86 
per  cent  is  water  and  the  rest  carbon. 

The  average  untreated,  natural  water  contains  from  1,000  to 
10,000  bacteria  per  cubic  centimeter,  which  represents  so  small 
an  amount  of  carbon  as  to  make  its  products  of  oxidation 
negligible. 

\arious  devices  are  in  use  for  the  production  of  ozone,  but 
in  all.  the  object  is  to  bring  a  current  of  air  in  contact  with  the 
silent  discharge  of  a  high-tension  current  of  electricity. 

J  he  ozonizers  in  use  in  the  Ann  Arbor  plant  are  of  the  tubular 
tvpe,  and  consist  of  109  tubes.  They  are  35  inches  long  and  24 
inches  in  diameter.  There  are  three  of  these  ozonizers,  two  of 
wdiich  are  in  operation  all  of  the  time,  and  one  i.s  kept  ready  in 
case  of  emergency.  The  ozonizers  are  simply  steel  shells,  contain- 
ing 2-inch  aluminum  tubes,  about  30  inches  long,  rolled  in.  and  have 
the  appearance  of  small  tire  tube  boilers.  Inside  these  tubes  are 
mica  tubes  for  the  dielectrics  and  inside  the  mica  tubes  are  other 
aluminum  tubes.  The  discharge  takes  place  between  the  two 
aluminum  tubes  and  the  dielectric.  The  space  in  each  case  is 
about  1/16  inch,  through  which  the  air  is  passed. 

The  ozonizers  are  enclosed  in  steel  tanks  which  have  a  circular 
dam  in  the  middle,  which  forms  two  compartments.  One  com- 
partment is  the  receiving  end.  wdiere  air  under  pressure  from  an 
air  compressor  is  taken  in  and  passed  through  the  ozonizer.  Part 
of  its  oxvgen  is  converted  into  ozone  and  the  air  then  passes 
along,  as  required,  to  the  sterilizing  towers. 

After  the  air  is  compressed,  it  is  passed  through  a  cooler,  thus 
preventing  any  heating  of  the  ozonizer  due  to  the  discharge.  It 
must  be  explained  that  only  a  small  percentage  of  the  energy 
applied  to  the  ozonizer  is  utilized  in  the  production  of  ozone.  The 
greater  part  is  lost. 

Just  as  ozonizers  are  various  in  their  form,  so  arc,  to  no  less 
extent,  the  means  for  applying  the  ozonized  air  to  the  water.  The 
problem  is  evidently  to  produce  a  thorough  mixture  and  in  the 
methods  in  successful  use  there  are  two  fundamentalK-  different 
ways  of  doing  this.  In  one  the  water  is  finely  subdivided  and 
passed  through  the  ozonized  air  and  in  the  other,  on  the  contrary, 
the  air  is  subdivided  and  passed  through  the  water.  The  Ami 
Arbor  plant  belongs  to  the  second  class. 

The  ozonized  air  is  conveyed  to  the  sterilizing  towers,  which 
are  built  in  batteries  of  a  size  to  meet  the  capacity  demanded. 
These  towers  are  built  on  stej^^  with  a  fall  of  3y2  feet  between 
each  step.  The  water  is  taken  in  at  the  top  of  No.  1  tower,  at 
the  bottom  of  which  are  arranged  suitable  spray  nozzles   for  the 
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introduction  of  the  ozonized  air.  Each  tower  contains  four  l^affle 
plates  that  compel  the  water  to  travel  }^7  feet  in  each  13  feet  of 
tower.  This  prolongs  the  contact  of  the  water  and  ozone  and 
enhances  the  efficiency  of  the  system.  The  water  leaves  the  bot- 
tom of  Xo.  1  tower  and  enters  the  top  of  Xo.  2  tower,  Zyi  feet 
lower,  where  the  same  operation  is  repeated,  and  so  on  to  Xo.  3 
and  Xo.  4  tower. 

The  chief  advantages  of  the  ozone  system  over  any  other 
known  system  of  water  purification  lie  in  economy  of  operation, 
constancy  of  action,  and  freedom  from  costly  repairs  and  renewals. 

Xothing"  is'  added  to  the  water  to  cause  it  to  have  an  un- 
pleasant taste. 

Xo  deleterious  by-products  are  formed  and  odors  and  tastes 
due  to  organic  matter  are  destroyed.  Filtration  by  any  means  is 
only  a  greater  or  less  reduction  in  the  bacteria  contained  in  the 
raw  water.  This  percentage  may  be  as  high  as  99  per  cent  when 
everything  is  working  right,  but  the  remaining  1  per  cent  in  a 
highly  polltited  water  may  represent  a  grave  danger.  Filtration 
exerts  no  selective  action.  It  removes  the  same  percentage  of 
pathogenic  organism  as  it  does  of  the  harmless  ones. 

Ozone,  on  the  contrary,  has  a  selective  action,  killing  all  the 
pathogenic  germs  and  practically  all  of  the  others.  This  is  due 
to  the  low  power  of  resistance  to  oxidation  of  the  pathogenic 
germs  and  is  confirmed  by  the  statistics  of  various  places  where 
ozonization  has  been  introduced.  Paderborn.  Germany,  had  a 
typhoid  rate  of  about  1.500  per  1.000.000  population.  Filtration 
reduced  this  rate  tto  290,  and  ozonization  still  further  reduced  it 
to  zero.  This  plant  was  built  in  1897  and  has  been  in  continuous 
operation  since  that  time.  Similar  results  have  also  been  recorded 
in  Paris,  Dinard,  Chartres.  Xice,  W'eisbaden  and  other  European 
cities. 

In  conclusion,  it  may  be  stated  that  any  municipality  using 
stirface  water  may  render  this  water  safe  by  ozonization  properly 
applied  as  outlined  above. 


THE  ELECTRIC  PCRIFICATIOX   OF  \VATh:R 

IJV    D.    1).    \'lXCEXT. 

The  pollution  of  the  sources  from  which  our  great  cities  draw 
their  water,  and  the  sickness  and  loss  resulting  from  the  use  of 
impure  water,  has  drawn  the  attention  of  scientists  and  engineers 
to  the  various  methods  proposed  for  the  purification  of  such 
water  as  is  available. 

Your  attention  is  invited  to  the  electrical  purification  of  water, 
as  practiced  by  the  Electra  Pure  Water  Co..  of  this  city,  with 
which  I  am  associated,  as  this  method  produces  an  ideal  table 
water,  free  from  organic  matter,  but  not  devoid  of  the  necessary 
mineral   salts. 

Water  purified  by  this  process  is  taken  from  the  city  mains 
under   pressure    and    passed    between    aluminum    plates    which    are 
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connected  to  a  snitable  source  of  electrical  supply.  It  is  then 
tiltered  tliroumh  crushed  quartz  while  still  under  pressure.  W'e  do 
not  know  t(Hla\-  all  oi  the  chan,Q-es  which  take  i~)lace  in  the  ])res- 
ence  of  the  current.  We  do  know,  however,  that  a  small  per- 
centaf^e  ot  the  water  is  decomposed  and  that  the  organic  matter  in 
the  water  is  oxidized  and  coai^ulated  b\-  the  o.x\\gen  which  is  re- 
leased and  that  the  hydrogen  combines  with  minerals  in  solution 
forming  llakes  of  solid  matter  which  can  be  removed  with  the 
organic  matter  by  filtration.  Repeated  tests  have  shown  that  colon 
bacilli  will  not  survive  in  this  water  anv  longer  than  in  distilled 
water. 

I'^xacl  work  is  being  undertaken  to  establish  the  best  practice 
in  using  this  method  of  purification,  both  as  to  the  form  of 
apparatus  used  and  the  most  economical  current  density  and  we 
are  convinced  that  the  cost  of  purification  can  be  reduced  to  such 
a  low  figure  as  to  give  this  method  of  purification  a  very  wide 
application. 


Discussion 


Laxciiox    1'i:.\rsi-:-  : — 

The  previous  speakers  have  given  a  general  review  of  the 
field  of  water  purification.  Mr.  I'ratt  has  shown  you  what  the 
processes  of  filtration  are.  and  the  cost. 

jMr.  Leggett's  paper  covers  the  ozone  plant  as  erected  at  .Ann 
Arbor.  The  ozone  process,  as  a  means  of  sterilization,  is  not  yet 
on  a  commercial  basis  in  this  country,  in  that  a  plant  cannot  be 
operated  continuously  to  give  uniform  results,  nor  is  it  economical. 
This  was  conclusively  shown  by  careful  independent  tests,  made 
at  Jerome  Park  reservoir,  for  the  citv  of  Xew  York  several  years 
ago.  Sterilization  bv  hypochlorite  of  lime  is  much  cheaj)er  and 
more  dependable.  Ozone  treatment  was  considered  for  the  city 
of  Alontreal.  but  Messrs.  Hering  and  Fuller  in  their  report  dis- 
tinctlv  state  that  it  is  not  yet  on  a  basis  to  merit  recommendation. 

The  paper  by  Mr.  \'incent  describes  a  process  for  the  purifica- 
tion of  water,  based  on  making  electrolyticallv  aluminum  hydrate. 
Instead  of  adding  sulphate  of  aluminum  the  hydrate  is  made  by 
passing  an  electric  current  between  two  plates.  This  simply 
coagulates  the  water,  and  a  filter  is  essential  both  to  remove  the 
turbidity  and  the  bacteria.  There  is  no  virtue  in  the  electric  cur- 
rent. It  is  cheaper  to  buy  the  sulphate  of  aluminum  and  apply  it 
in  the  usual  way.  In  the  Louisville  report,  in  1896,  Mr.  George 
W.  Fuller  examined  this  general  process  verv  carefuUv,  with 
extended  tests,  and  concluded  that  it  was  impracticable,  and  ex- 
tremelv  uneconomical. 


'■'Division   Engineer,   The    Sanitary    District   of   Chicago.      In    charge   of 
Sewage  Disposal  Investigations. 
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Sanitary  engineers  today  recoi^nize  that  the  onl\-  tried  and 
effective  means  of  treating-  a  water  snpply  to  remove  bacteria  and 
turbidity,  are  sedimentation  followed  by  slow  sand  or  rapid  filtra- 
tion. A  coagulant  may  be  used  at  times  with  a  slow  sand  filter, 
and  is  alwavs  required  for  the  rapid  filter.  As  a  finishing-  process, 
chloride  of  lime  is  available  to  sterilize.  Alone  it  serves  as  an 
emergency  process.      It  does  not  affect  the  turbidity. 

The  situation  in  Cleveland  is  of  great  interest  to  me,  as  I 
represented  Mr.  Whipple  for  two  months,  in  1903.  I  have  fol- 
lowed the  situation  since.  At  that  time  we  felt  that  filtration 
would  undoubtedly  be  required.  How  soon,  we  could  not  say, 
as  the  four-mile  crib  had  only  been  in  operation  two  or  three 
months,  and  the  sewage  had  not  been  intercepted,  as  originally 
planned.  With  the  data  available,  Mr.  Whipple  reported  that 
filtration  would  probablv  be  required  in  a  few  years.  Even  if  the 
sewage  was  removed  from  the  Cuyahoga  and  the  water  front  and 
discharged  at  a  point  some  nine  miles  to  the  east  of  the  crib,  the 
crib  would  still  be  exposed  to  occasional  pollution.  Sewage  is 
still  flowing  into  the  Cuyahoga  in  amount  some  40  per  cent  of  the 
entire  discharge. 

Personally,  1  have  never  understood  whv  the  four-mile  crib 
in  Cleveland  was  located  directh-  in  front  of  the  Cuyahoga,  even 
though  four  miles  off  shore.  Recent  tests  for  the  Lake  ^Michigan 
Water  Commission  have  shown  that  under  favorable  conditions 
a  sewage  stream  may  work  out  exeii  10  miles  from  shore  before 
finally  dispersing.  The  Cleveland  water  supply  is  turbid  at  times, 
and  is  undoubtedlv  open  to  suspicion  on  the  ground  of  bacterial 
pollution.  I  have  not  had  a  chance  to  examine  the  data  at  h.and. 
I  do  feel,  however,  that  if  there  is  conflicting  data,  all  hands 
should  get  together  at  once  and  urge  the  appointment  of  a  dis- 
interested expert,  a  sanitary  engineer  of  high  standing,  to  examine 
into  the  case  in  the  light  of  developments  since  1903,  and  report 
whether  or  not  filtration  is  not  immediately  advisable,  particularly 
as  the  sewage  has  not  been  diverted  from  the  Cuyahoga,  and  ma\- 
not  be  for  some  years  to  come. 

In  the  meantime,  systematic  data  should  be  collected  daily, 
particularh-  on  the  turbidit\-  of  the  lake  water,  as  taken  from  the 
tunnel  at  Kirtland  street  pumping  station,  its  temperature,  alkalin- 
ity, and  bacterial  content,  in  order  to  have  data  on  hand  to  help 
in  determiiiing  the  filter  problem.  Possiblv  Mr.  Pratt  proposes  to 
do  this.  It  would  also  be  very  easv  for  him,  in  connection  w-ith 
a  sewage  experiment  station,  to  build  two  or  three  small  experi- 
mental water  filters,  and  try  out  slow  sand  and  mechanical  filters 
at  Kirtland  street,  in  order  to  have  a  line  on  their  adaptation  to 
Cleveland  conditions. 

Aboul  eight  months  ago,  in  a  talk  at  Detroit,  and  later  before 
the  lllinoi>  Water  Supply  Association  I  showed  a  diagram  on 
which  was  plotted  the  typhoid  fever  death  rate  of  Detroit,  Toronto, 
Cleveland  and  Ikrlin.  Toronto  and  Cleveland  both  have  an  un- 
even rate.  Perlin  has  a  rate  e.xtremely  low  and  consistently  so. 
(See  diagram.)  At  that  time  I  pointed  out  that  the  Cleveland 
supply   was  open   to  suspicion.      From   what    1   have  heard  during 
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the  last  two  days  I  am  convinced  that  immediate  steps  should  be 
taken  to  determine  whether  filtration  is  required,  at  once,  and  to 
make  the  proper  moves  to  finance  the  project,  if  it  is  required. 
Chloride  of  lime  is  an  excellent  cmers^ency  expedient  to  sterilize 
the  water,  and  is  now  in  use  at  the  temporary  plant. 

With  the  modern  standards  of  sanitation  it  is  essential  that 
a  city  have  a  clear  water  supply,  always  free  from  turbidity,  and 
above  suspicion  of  bacterial  pollution.  This  is  not  only  a  valuable 
asset,  an  advertisement  of  progressiveness,  which  appeals  alike  to 
commercial  men  and  homeseekers,  as  well  as  to  residents,  but  is 
also  a  distinct  gain  to  the  public  health,  since  abundant  statistics 
point  to  a  marked  reduction  in  the  general  death  rate  with  the 
accompanying  reduction  of  the  typhoid  rate,  when  a  pure  water 
supply  is  introduced.  The  yearly  saving  in  lives,  if  estimated  at 
$5,000  each,  would  easily  pay  the  interest  on  the  cost  of  a  filtra- 
tion plant  in  many  cases.  If  40  lives  can  be  saved  yearly,  this 
would  amount  to  $200,000.  which  capitalized  at  5  per  cent  is 
$4,000,000. 

The  situation  in  Cleveland  is  not  unique,  but  is  a  common 
one  around  the  Great  Lakes  today,  where  a  city  has  to  discharge 
its  sewage  into  the  source  of  water  supply.  Chicago  is  the  only 
city  which  can  successfully  divert  the  sewage.  That  is  the  scheme 
we  are  following  today,  as  laid  down  by  ^Ir.  Hering  in  1885. 
Recent  investigations  have  shown  that,  with  the  unexpected  in- 
crease in  industrial  wastes  as  well  as  human  pollution,  the  rate  of 
3.3  cubic  feet  per  second  per  1,000  population  is  not  sufificient. 
We  feel,  however,  that  the  work  was  excellently  planned,  and  has 
fulfilled  its  purpose.  A  recent  report  bv  Mr.  W  isner,  our  chief 
engineer,  has  outlined  the  means  open  to  us  to  increase  the  dilution 
capacity  by  settling  the  sewage  in  Emscher  tanks.  Some  work 
must  be  done  at  once  on  the  industrial  wastes  and  the  city  sewage, 
since  the  capacity,  in  accordance  with  our  legal  ratio  of  dilution, 
will  be  exhausted  in  1922.  We  have  been  operating  a  testing 
station  for  over  two  years,  and  carrying  along  preliminar\-  studies 
in  the  various  schemes. 

Milwaukee  is  now  facing  the  problem.  There  the  entire 
sewage  of  the  city  is  flushed  out  into  the  lake,  two  and  a  half 
miles  from  the  water  intake.  Filtration  of  the  water  has  been 
recommended,  with  the  removal  of  the  sewage  from  the  river  and 
its  diversion  to  a  point  about  nine  miles  from  the  intake,  where, 
later,  settling  basins,  and  finally,  sprinkling  filters  will  be  required. 

In  Toronto  the  water  supply  is  to  be  filtered,  with  slow  sand 
filters,  recommended,  by  the  way,  by  Messrs.  Hazen  and  Whipple, 
and  the  sewage  is  to  be  diverted  to  a  point  some  three  and  a  half 
miles  to  the  east,  where  it  is  to  be  settled  and  perhaps  disinfected 
before  discharge  into  the  lake.  Dr.  Amyot  can  tell  you  more  of 
tlie  details. 

In  conclusion,  I  may  sum  up  by  saying  that  it  is  recognized 
today  that  filtration  of  a  water  supply,  either  by  slow  sand  or 
rapid  filters,  according  to  conditions,  wall  remove  impartially  95 
per  cent  or  more  of  the  bacteria,  and  the  turbidity.  A  small 
amount  of  hypochlorite  of  calciun^.  will  remove  practically  all  the 
remaining  bacteria.      The   situation   in   Cleveland   demands   a  most 
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careful,  unbiased  investigation,  at  once,  in  order  to  fix  whether 
the  available  data  warrant  the  immediate  expenditure  of  the  sum 
required  for  filtration.  Conditions  have  changed  since  1903.  In 
matters  appertaining  to  the  public  health,  delay  is  dangerous. 
Sterilization  with  chloride  of  lime  will,  however,  furnish  tempo- 
rary protection  until  the  decision  is  rendered. 
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Rubber 

I'.v    Uk.    W.    C.    (iK.KK. 

I.      Crudk   Rri!i;i':K: — 

The  first  historical  reference  to  ruhher  was  in  1525,  b\-  a 
Spanish  writer,  who  described  some  rubber  ball  playinj;-  seen  1)}' 
him  in  ^lexico.  In  1731,  the  Paris  Academy  of  Science  sent  an 
expedition  to  South  America  to  obtain  certain  geographical  meas- 
ureiuents  and  they  ;brought  back  specimens  of  rubber.  Thex- 
found  a  tree  called  Tlevea  by  the  natives,  which  gave  forth  a  milk- 
white  li(|Ui)r  which  hardened  and  blackened  in  the  air.  The}' 
found  the  natives  coating  linen  with  this  material  ^nd  making- 
watertight  boots.  Samples  came  into  England  about  1770.  and 
Priestley,  the  chemist,  recommended  it  for  the  purpose  of  erasing 
pencil  marks ;  hence,  the  name  rubber.  Since  it  came  through  the 
West  Indies  it  was  called  India  ruhlier.  although  this  term  is  todax' 
a  misnomer. 

Sources  of  Cnulr  Rii^'hcr. 

Rubber  bearing  plants  are  found  in  considerable  tracts  of 
tropical  and  sub-tropical  zones  in  South  and  Centra!  America. 
Asia,  Africa  and  Australia.  The  s])ecies  are  very  numerous.  The 
chief  botanical  orders  are :  Euphorbiaceae.  A])Ocynaceae,  I'rtica- 
ceae.  and  Compositae. 

( )f  the  Eu])horbiaceae.  the  most  important  is  the  genus,  Hevea, 
from  the  species  Hevea-brasiliensis,  of  which  about  60  per  cent 
of  the  world's  total  output  of  rubber  is  obtained.  It  is  ])redominant 
over  large  tracts  of  South  America,  in  the  .Vmazon  vallev  par- 
ticularly. In  the  natural  state  it  is  a  large  tree  g^r-Aving  to  the 
height  of  100  feet  and  a  diameter  U])  to  40  inches.  It  has  been 
frequently  stated  that  not  more  than  a  small  proportion  of  the 
trees  in  the  vast  ftorests  ])ordering  the  .Amazon,  the  Kio  Xegro 
and  Rio  Madeira,  etc..  have  been  exploited. 

The  trees  are  tapped  by  means  of  a  small  iron  hatchet,  having 
a  blade  al)out  1  inch  broad,  making  incisions,  dee])  cuts  and  ;;bli(|ue 
lines.  There  are  a  large  number  of  methods  of  tapping,  .\bout 
35  consecutive  dailv  tap])ings  are  necessarw  .Small  collecting  cups 
are  fixed  to  the  tree  b\-  means  of  moist  clay.  The  rubl)er  runs 
out  then  in  the  form  of  a  white  milk  or  late.x  into  these  cups.  .\n 
average  annual  }iel(l  in  the  .\inazon  is  5  pounds  of  dry  rubber, 
although  verv  variable.  J  he  latex  is  then  transferred  from  the 
c<tllecting  cups  into  pails  and  from  the  latter  into  a  flat  basin  and 
then   it  is  coagulated  by  means  of  the  smoking  process. 

A  tire  is  made  of  a  material  giving  a  rich,  dense  smoke. 
])articularly  the  fruit  of  the  I'rucuri  palm.  A  small  quantity  of 
the  latex  is  poured  on  a  long  pole  which  is  rotated  in  the  smoke 
until  it  is  dried  or  "cured",  then  a  fresh  f|uantit\-  is  ])oured  on  and 
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the  rotation  continued,  and  this  operation  is  repeated  until  a  bis- 
cuit or  bah  of  rubl)er  wei.ohin.a:  from  20  to  100  pounds  is  fornied. 
This  ball  consists  of  innumerable  thin  layers  and   forms  the   bme 


Tapping    Trees. 


Para   of    Commerce.      Other    commercial    varieties    are:      Cameta. 
Coarse,  Mollendo.  etc.  . 

There  are  many  ,q-rades  of   rubber  produced   m   Africa,   wliicli 
belono-    to    the    order,"    chietiy    Apocxitaccac.    of    wbich    the    mam 
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sj'enera  are:  r^untuniia,  Lanclolijhia  and  C.'litandra.  The  l'"un- 
tumia  yield  g-rades  of  rubber  known  in  tlie  trade  as.  (lold  Coast 
Lumps.  Ivory  Coast  Lumps.  Xig-gers  and  some  of  the  Cong^o  and 
Cameroon  varieties.  It  is  a  mature  forest  tree  with  a  circumference 
of  about  40  inches  and  rises  to  a  height  of  from  40  to  50  feet. 
The  Landolphia  varieties  are  creepers  and  vines  up  to  6  inches 
in  diameter,  and  give  among  others  the  well  known  commercial 
brands  of  the  Congo  varieties,  red  and  black.  Upper  Congo  Balls, 
Equateur.  Madagascar,  etc.  The  latex  is  coagulated  in  a  variety 
of  ways,  sometimes  by  smearing  the  latex  on  the  body  and  allow- 
ing the  natural  heat  to  evaporate  the  water  and,  subsequently, 
stripping  the  rubber ;  sometimes  by  boiling  and  smoking.  Some  of 
the  ball  rubbers  are  obtained  bv  a])plying  a  coagulant,  such  as 
chalk,  or  by  cutting  the  vine  and  drawing  the  thread  of  rubber 
thus  obtained  to  form  a  core,  subsequently  winding  more  and 
more  thread  around  the  core  until  the  ball  is  obtained.  The  vines 
are  difficult  to  tap  and,  consequently,  they  are  generallv  cut  down 
and  bled  to  death. 

Urticaceae  is  an  order  from  which  many  varieties  of  rubber 
are  obtained  from  Asia.  Mexico.  South  and  Central  America.  The 
Ficus  Elastica  is  found  mainly  in  Asia,  Borneo,  Ceylon,  Alalaya, 
Java,  India,  etc.,  and  yields  the  commercial  grades  of  Assam.  Java 
and  Penang.  It  is  generally  collected  from  the  trees  in  the  form  of 
scraps.  The  Castiloa  species  are  found  in  Mexico  and  Central 
America  and  yield  the  Peruvian  Caucho.  the  Mexican  Strips  and 
Centrals  rubber. 

The  Compositae  gi^■e  us  the  (iuayule  rubber. 

The  Plantation  Industry  is  most  important.  In  1876.  the  first 
large  batch  of  trees  was  planted  in  Ceylon.  Approximate  acreage 
in   rul)l)er  in   Ceylon   is  as   follows: 

Year  1890  Acreage,  300 

Year  1895  Acreage.  550 

Year  1898  Acreage,  1,250 

Year  1904  Acreage,  11,000 

Year  1907  Acreage,  150.000 

Year  1910  Acreage.  190,000 

The  total  acreage  under  ])lanted  rubber  in  various  parts  ni  the 
world  is  estimated : 

Countries.  Acreage. 

Ceylon   200,000 

Malay   Peninsula    400,000 

Java,    Sumatra   and    Borneo    200.000 

Southern   India  and   Burmah    35,000 

German    Colonies    '45  000 

Mexico,    Brazil,   .Africa   and   West    Indies 100.000 

Total    980.000 

Schidrowilz.   Uubber.  ])age  41. 

There  is  a  great  deal  of  div-erse  and  misleading  information 
regarding  plantation  rubbers,  particularly  with  respect  to  the  yield 
of  rubber  in  pounds  per  tree  or  in  j^ounds  per  acre  and  the  profits 
which  can  be  made  from  them.  The  estimated  plantation  pro- 
duction for  1916  is  92,000  tons.  We  will  not  enter  into  a  dis- 
cussion  of  plantation   rubber,   l^ecause  that   is   a   separate   industry. 

179 


riic    Rubber    lAitc.v. 

I'ndcr  the  niicr'.sc()i)e,  it  consists  of  a  lluid  with  inmiiiK-rable 
particles  of  globular  shape.  The  constituents  are  various  sugars, 
crystalline  substances  wliich  are  derivatives  of  oxygen,  enzymes, 
water,  rubber,  resin,  etc.  A  t_\'pical  average  analysis  of  a  latex 
from    i  levea-hrasiliensis  Ceylon   showed: 

Rubber 32.00  per  cent 

Resin    2 . 03  per  cent 

Proteid    2.03  per  cent 

Mineral   matter    0.00  per  cent 

Sugars    0.00  per  cent 

Water    55 .  56  per  cent 

Coagulation  involves  ])hysical  and  chemical  changes  not  }'et 
fully  known. 

Tlic  C'hciiiisfry  of  C'riidc  Rubber. 

The  chemistr\-  of  crude  rubber  divides  itself  naturalK-  into 
two  divisions  : 

(a)       That  :;f  the  rubber  hydro-carbon. 
{/')       That  of  the  secondary  constituents. 

On  analysis,  the  rubber  h}"dro-carbon  has  been  f(tu;id  to  con- 
tain carbon  and  hydrogen  in  the  proportions  of  the  fornuila,  CiTb.., 
that  is,  it  has  the  same  ultimate  chemical  com])osition  as  the  funda- 
mental constituent  of  turpentine  and  of  a  vast  number  of  other 
bodies  known  as  "terpenes".  It  is  a  colloid  and  probabl\-  to  its 
colloidal  character  may  be  ascribed  its  value.  A  great  deal  of 
work  has  been  done  during  the  past  few  years  on  the  SMithetic 
production  of  the  rubber  liydro-carbon.  The  literature  contains 
a  large  number  of  articles  and  the  patent  literature  is  now  becom- 
ing extended.  It  has,  however,  as  yet  not  advanced  to  the  stage 
when  it  may  be  called  a  large  commercial  proposition. 

The  chemistry  of  the  secondary  constituents  includes  those  of 
the  resins,  which  are  found  in  the  crude  rubber.  This  term  is  a 
broad  one  to  include  substances  which  mav  be  extracted  from 
crude  rubber  by  means  of  acetone  and  similar  solvents.  The 
amount  of  such  resin  varies  in  different  crude  rubbers  and  indeed 
varies  in  different  lots  of  the  same  crude  rubber.  There  is  also 
contained,  in  very  small  quantities,  certain  mineral  matters  and 
numerous  other,  rather  complicated,  organic  chemical  bodies. 

Crude  rubber,  as  it  comes  into  the  market,  includes  both  the 
pure  hydro-carbon  and  secondary  constituents  as  one  bod\-  to- 
gether. .The  specific  gravity  is  about  0.90.  It  softens  in  the 
neighborhood  of  245  degrees  Fahr.  and  becomes  clear  liquid  at 
about  370  degrees  b'ahr.,  although  these  figures  are  verx-  variable, 
depending  upon  the  particular  grade  of  crude  rubber  that  is  exam- 
ined and  the  treatment  that  the  rubber  has  received  up  to  the  tiuie 
that  the  test  is  made.  Rubber  swells  and  forms  pseudo  solutions 
with  petroleum  and  coal-tar  hydro-carbons,  carbon  bisulphide, 
carbon  tetrachloride  and  other  solvents,  although  it  is  insoluble  in 
alcohol,  acetone,  and  groups  of  solvents  of  a  similar  character.  It 
is  a  soft,  sticky,  rather  plastic  material,  possessing,  when  washed 
and  dried,  and  sheeted  together,  but  little  tensile  strength,  it  can 
be  easil\-  molded,  the  color  is  variable  from  the  light  \'ellow  crepe 
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Ceylon  and  plantation  rubbers,  to  the  red  from  Africa  and  the 
black  of  other  grades  of  African  rubber,  dark  green  ( luayule  from 
Mexico,  amber  brown  of  the  Fine  Para  from  South  America,  in 
its  washed  and  dried  condition.  When  a  fresh  biscuit  is  cut  and 
the  surface  exposed  to  the  air  for  the  first  time,  the  rubber  is 
usually  white  in  color.  This  white  color  rapidly  changes  to  brown, 
or  black  on  being-  exposed  to  the  air.  The  details  of  the  pure 
chemistry  will  be  passed  over  and  not  included  in  this  talk. 

II.        X'ULCAXIZATIOX  : — 

The  rubber  industry  was  not  an  industr\-  and  probablv  w(juld 
not  have  become  one  of  anv  size  had  it  not  been  for  the  remark- 
able discovery  of  the  process  of  vulcanization  by  Goodyear  in 
1839  and  again  by  Hancock  in  1844.  These  gentlemen  found 
that  sulphur  unites  chemicallv  with  rubber  and  gives  more  highly 
developed  properties  than  were  possessed  bv  the  original  un- 
sulphured  material. 

The  two  samples,  which  will  now  be  shown,  illustrated  this 
diilerence  materially.  (1)  This  is  a  mixture  of  rubber  and 
sulphtir,  made  into  the  form  of  a  ring,  but  not  vulcanized.  This 
can  be  verv  easily  broken  bv  simply  pulling  in  the  fingers.  Tests 
in  the  laboratory  show  a  tensile  strength  ()f  211  pounds  j^er 
square  inch. 

( 2 )  This  sample  is  of  the  same  mixing,  but  vulcanized  in 
the  form  of  a  ring.  This  cannot  be  broken  in  the  lingers  and 
upon  testing  in  the  laboratory  it  is  found  to  have  a  tensile  strength 
of  2,620  pounds  per  square  inch,  as  well  as  a  much  greater  length 
at  the  point  of  breaking.  In  other  words,  vulcanization  has  in- 
creased the  tensile  strength,  has  made  the  rubber  more  flexible 
without  breaking  and  has  also  added  the  other  i^roperty,  namely, 
the  resiliency,  that  is.  the  ability  of  the  rubber  when  deformed  to 
return  to  its  original  conformation.  These  properties  are  all 
possessed  in  a  more  marked  degree  after  vulcanization  than  before. 

To  accomplish  the  process  of  vulcanization,  the  rubber  and 
sulphur  are  mixed  together  by  any  method,  usually,  however,  by 
two  mixing  rolls,  then  made  into  anv  desired  form  and  finally 
heated  to  temperatures  varying  from  250  to  320  degrees  Fahr.  f  )r 
a  chosen  length  of  time.  After  this  heating  it  is  found  that  the 
rul)ber  has  united  with  the  sulphur  and  it  is  said  to  be  \-ulcanized. 

X'ulcanization  is  also  possible  by  means  of  the  lic|uid  sulphur 
monochloride  (S:;Ch),  which  was  discovered  by  Farkes  in  18-16. 
and  bv  means  of  which  rubber  in  thin  sheets  can  be  vulcanized  at 
the  (ordinary  rocm  temperature.  This,  however,  forms  but  a 
relatively  small  division  of  the  rubber  industry. 

( )ther  differences  between  vulcanized  and  unvulcanized  rubber 
are  numerous.  (ienerally  speaking,  vulcanized  rubber  tends  to 
deteriorate  more  rapidly  than  the  unvulcanized  rubber  under  sim- 
ilar conditions.  Preserved  in  the  dark  and  where  cool,  both  vul- 
canized and  unvulcanized  rubber  can  be  preserv^ed  for  periods  of 
many  years.  Put  at  temperatures  around  160  degrees  Fahr..  or 
over,  thev  harden  a])preciably  with  age  in  a  short  time,  and  when 
exposed  to  the  light,  they  undergo  rapid  oxidation.  Dilute  acids 
and  alkalies  do  not  attack  them  appreciably,  but  strong  suli)huric 
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and  strong-  nitric  acids  cause  very  rapid  decomposition.      Numerous 
oils  cause  a  softening  and  weakening-  of  the   composition. 

There  are  other  physical  and  chemical  properties  of  vulcan- 
ized rubber  which,  however,  will  be  passed  over,  since  thev  are 
details. 

III.      The  Raw  Materials  of  the  Rup.der  Industry: — 

Crude  rubber  and  sulphur  have  been  spoken  of  as  two  essen- 
tials. That  is  very  true.  However,  in  rubber  mixings  a  large 
number  of  different  materials  of  various  kinds  are  used.  Of  these, 
reclaimed  rubber  occupies  quite  a  prominent  position.  Reclaimed 
rubber  is   made   from   old   vulcanized   rubber,    freeing   it   from   the 
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cloth  made  into  the  article  and  softening  it.  Numerous  ])atente(l 
processes  for  this  purpose  are  in  vogue.  It  forms  a  very  valuable 
material  for  rubber  mixing  of  dift'erent  purposes. 

Rubber  substitutes  made  by  the  oxidation  or  sulphurization  of 
dift'erent  drying  oils  are  used  to  a  limited  extent. 

Such  dr\-  mineral  pigments  as  zinc  oxide,  lithopone,  barytes, 
whiting,  litharge,  etc.,  have  their  own  particular  uses. 

The  rubber  composition  for  any  purpixsc,  therefore,  is  not  a 
mixture  of  rubber  and  sulphur  alone,  but  of  rubber,  sulphur  and 
those  other  materials  wiiich  will  give  the  highest  service  and  the 
best  value  for  the  purpose  for  which  they  are  intended. 

There  is  a  great   deal  of  misinformation   prevailing   upon   the 
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subject  of  the  rubber  compoundino  materials.  It  is  perhaps  gen- 
erally believed  that  dry  pigments  are  used  merely  for  the  purpose 
of  cheapening  and  most  people,  when  they  hear  of  reclaimed  rub- 
ber, consider  it  merely  a  matter  of  old  scrap  that  is  thrown  back 
into  the  compound  in  order  to  increase  the  profits  of  the  ruliber 
manufacturer.  This,  hdwever,  is  far  from  the  actual  truth.  It  is 
the  purpose  of  the  rubber  manufacturer  to  produce  articles  which 
will  serve  the  purpose  in  the  best  way,  give  the  longest  life  and 
have  the  best  value.  One  might  desire  to  use  mahogany  for  a 
building  material,  but  it  would  scarcelv  be  considered  good  judg- 
ment :  on  the  other  hand,  pine  is  an  excellent  building  material. 
Mahogany  has  its  particular  uses,  oak  has  its  particular  uses,  and 
pine  has  its  particttlar  uses.  It  is  the  same  wav  w  ith  rubber.  Each 
article  is  manufactured  from  a  mixture  that  will  give  the  best 
service  and  the  best  value.     Of  the  large  number  of  rubber  articles. 


3 

0S 

!L 

.^ 

|S= 

'^Ife 

MMi 

K^ 

B^ 

1 

■■■■■■1          fT^  i'n 

^^^jMBsBWi^^^^ 

T\V(i-I\'iLi.   Mixe:k. 

hose,  belting,  packing,  tires,  water  bottles,  etc.,  each  has  certain 
definite  uses  and,  consequently,  the  rubber  compound  or  mixtures 
must  be  made  according  to  the  service  for  which  each  is  to  be  put 
and  the  rubber  manufacturer  reaches  his  highest  skill  in  s  i  com- 
bining the  different  raw  materials  anrl  luanufacturing  tlieni  into 
articles  which  will  give  the  highest  efficiencx"  in  service. 

I\'.      Articles  and  Method.^;  of  !\lA.\riACTURF. : — 

The  fundamental  processes  of  rubl)er  manufacture  are : 
(  1)      Washing  crude  rubber. 

(2)  Drying  crude   rubber. 

(3)  Mixing  the  ingredients  of  the  conipositi(^n. 

(4)  Calenderincj  or  otherwise  i^reparino-  the   rul)ber   fur  vul- 

canization. 

(5)  \'ulcanization. 
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The  crude  i-ul)bei-  in  the  form  of  hams  or  biscuits  or  other 
forms,  as  it  comes  into  the  factory  from  the  n^atherins^  fields  is 
first  reduced  to  the  form  of  a  thin  slieet  upon  a  washing-  mill,  as 
shown  in  the  photograph,  it  is  then  run  between  these  rolls  which 
are  corrugated  a   number  of  times   while   water  is   allowed   tn    fall 
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upon  the  rubber.      This  gradually  washes  out  the  impurities,  such 
as  bark.  etc. 

2.      Pryiii:^   Process. 

Several  different  methods  are  used,  notablw  the  meth;xl  of 
hanging  the  larg^e  sheets  over  poles,  something-  like  hanging;  clothes, 
in   driers   which   are  heated  by   steam   coils.      Thus,   in   the   course 
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of  a  few  clays  the  moisture  is  dried  out  of  tlie  rul)l)er.  Another 
method  in  wide  use  is  the  vacuum  th'ier.  in  the  use  of  which  rubber 
is  placed  upon  pans  u])on  shelves  inside  a  large  closed  container, 
from  which,  when  filled  with  rubber,  the  air  is  exhausted  by 
means  of  a  vacuum  pump.  The  ])lates.  which  are  hollow,  tlien 
have  steam  turned  into  them  which  heats  the  rulj])er,  causing  the 
moisture  to  be  driven  off  in  a  very   few  hours. 

3.  Mi.vni;^. 
After  the  rubber,  sulphur  and  other  materials  are  weighed  up 
in  the  proper  proportions,  accordin.g  to  the  recipe  to  be  used,  they 
are  put  upon  mixing  mills,  a  picture  of  which  is  shown.  These 
are  two  rollers  revolving  close  together  in  opposite  directions,  such 
that    the    rul)ber    and    other    materials    are    brought    between    and 
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squeezed.  i'>\  a  process  of  cutting  off  the  rubber  from  the  rolls 
of  the  mill  and  putting  it  in  a  different  position  on  the  mill  tlic 
entire  ingredients  are  thoroughly  mixed  together  in  the  form  of 
one  homogeneous  mass. 

4.      C'dU'iidcriiii:;  or  I'rc/^ariiii:;  the  Rubber. 
This  mixture  is  sent  to  the  calenders  or  to  the  tubing  machines, 
bv  means  of  which  the  mixture  is  sheeted  out  a  re{|uisite  thickness 
and  width  or  run  in  the  form  of  a  tube  or  otherwise  prepared  for 
the  final  process,  which   is  vulcanization. 

.^.      /  iilcaiiirjaiion. 
The  ])re])ared  rubber  built  up  b\-  hand  in  the  form  of  an  auto- 
mobile tire,  water  bottles,  belting  or  other  articles,  is  placed   in  a 
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mold  which  is  then  scjiieezed  between  the  platens  of  a  hydraulic 
press  and  heated  to  the  temperature  of  vtilcanization.  The  funda- 
mental idea  of  vulcanization  as  carried  on  in  a  rublier  shop  is  that 
the  rubl)er  is  formed  in  the  mold  in  the  shape  which  it  is  occupy 
when  a  finished  article,  and  vulcanized  in  this  shape.  That  is,  the 
rubber  materials  forming-  an  automobile  tire  shoe  are  contained 
within  the  sides  of  the  mold  in  exactly  the  shape  they  will  occupy 
when  seen  upon  the  automobile,  and  the  process  of  vulcanization 
so  chani^es  the  character  of  the  rubber  mixino-  that  it  retains  this 
form  and  sha])e  after  it  has  been  vulcanized. 

It  would  be  an  impossibility  within  die  time  at  our  disp;)sal 
to  describe  in  detail  the  methods  of  manufacture  of  an\-  number 
of  rubber  articles.      You   will  be  interested  in   the  manufacture  of 


Making    Tirk.- 


automobile  tires,  of  which  several  samples  are  shown.  Tlie  fabric 
which  makes  up  the  body  of  the  tire  is  passed  through  a  calender 
and  rubber  forced  or  frictioned  into  tlie  insterstices  of  the  fabric. 
These  frictioned  fabrics  are  cut  in  the  proper  len.cths  and  widths 
and  wrapped  on  a  core  the  exact  size  of  the  inside  of  the  tire 
when  finished.  Upon  the  fabric  thus  put  u])on  the  core,  layer 
after  layer  of  rubber  is  carefully  pressed  down  to  the  proper  shape. 
This  combined  article  is  then  placed  in  a  mold,  a  number  of  which 
are  put  inside  a  steel  shell  and  pressed  under  high  hydraulic  pres- 
sure. The  steam  is  then  turned  in  at  the  requisite  temperature 
and  the  whole  is  allowed  to  vulcanize  in  the  steam  for  the  proper 
length  of  time.  At  the  end  of  this  time  the  press  is  opened,  the 
molds  removed,  the  parts  of  the  mold  taken  away   from   the  tire, 
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the  tire  separated  from  the  core  and  the  result  is  tlie  hnished 
article.  The  photographs  show  the  makiiiQ-  of  tires  and  the  i:)pera- 
tion  of  the  tire  presses. 

The  manufacture  of  truck  tires  for  higli  (hit\-  service  is  bv 
quite  a  (Htterent  process. 

In  tlie  manufacture  of  rubber  hose,  belting,  air  brake  hose, 
etc..  there  is  a  particular  technique  for  each  article,  the  details  of 
which  it  would  be  impossible  for  us  to  explain  at  this  time. 

\'.  Specific.\tioxs  for  Rudder  Articles.  Chemical  Analysis 
AND  Physical  Examixatiox  to  Determixe  Whether 
the  Article  \A'ill  ^Ieet  the  Specifications: — 

The  Clicinical  Ajialysis  of  J'lilcaiii.ccd  Rubber. 

A  sample  of  vulcanized  rubber  to  be  analyzed  must  first  be 
ground  or  cut  into  very  fine  pieces.  It  is  then,  ( 1 )  submitted  to 
the  action  of  acetone  which  extracts  resins,  some  oils  and  free 
sulphur.  The  free  sulphur  is  then  determined  bv  standard  chem- 
ical methods  and  the  difference  between  that  and  the  total  amount 
of  the  extract  is  usually  computed  as  resins.  The  residue  is  then, 
(2),  extracted  with  pyridine  which  dissolves  tar.  pitch,  bitumen, 
etc.  The  residue  is  then  extracted,  (3),  with  alcoholic  potash 
which  dissolves  oxidized  and  sulphurized  oils  which  are  saponifi- 
able.  This  shows,  in  other  words,  rubber  substitute.  The  residue 
from  the  alcoholic  potash  extraction  is  then  treated,  bv  some  chem- 
ists, with,  (4),  nitro-naphthaline  which  extracts  rubber,  gutta 
percha.  balata,  etc..  and  the  final  residue,  sometimes,  is  extracted 
in,  (5),  boiling  water  to  dissolve  starch,  sugar,  etc.,  which  leaves, 
(6),  mineral  matter,  free  carbon,  cotton  fibers,  etc.  Se])arate  esti- 
mations are  made  to  determine  total  sulphur.  The  methods  of 
chemical  analysis  are.  however,  notably  unreliable,  and  there  is  a 
vast  dift'erence  between  the  figures  obtained  bv  processes  such  as 
these  and  those  obtained  bv  gravimetric  and  accurate  volumetric 
determinations.  It  is  an  impossibilitv  to  distinguish  between  re- 
claimed rubbers  and  crude  rubber.  Consequently,  no  methods  of 
chemical  analysis  can  definitelv  prove  or  disprove  the  presence  of 
any  kind  of  crude  rubber. 

Physical  7\\'its  of  Rubber  .-Irtieles. 

The  most  important  division  of  the  testing  of  rubber  ma- 
terials is  the  physical  tests,  of  which  tensile  strength  in  pounds 
per  square  inch  is,  perhaps,  the  most  trustworthy.  It  is  unneces- 
sary to  enter  into  the  details  of  physical  testing  methods  before 
you  engineers.  The  details  are  worked  out  to  suit  the  peculiarities 
of  the  rubber,  namely,  a  relatively  low  tensile  strength,  ranging 
from  100  to  4.000  pounds  per  square  inch,  and  a  very  high  elonga- 
tion at  the  point  of  rupture,  the  elongation  being  from  150  to 
1,500  per  cent.  The  permanent  elongation  measured,  usually  10 
minutes  after  rupture,  is  a  valuable  property. 

The  size  and  shape  of  the  test  piece  is  of  moment.  In  the 
railroad  specifications,  pieces  are  usuallv  cut  1  inch  wide  through- 
out the  entire  length,  but  practical  experience  and  scientific  study 
has  demonstrated  that  it  is  just  as  necessary  in  testing  rubber 
samples   to   have   enlarged   ends   as   it    is    in   testing   steel    samples. 
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The  inriuence  of  small  irre_^-ularities,  pieces  of  dirt,  etc.,  which  are 
inevitable  in  anv  rubber  goods,  have  such  a  tremendous  influence 
upon  the  tensile  strength  that  it  is  necessary  that  the  part  of  the 
test  piece  held  in  the  jaws  of  the  machine  be  large.  In  Germany 
a  very  popular  testing  method  is  in  the  form  of  small  rings,  some- 
thing similar,  but  smaller  in  size  to  the  jar  rings  used  in  preserv- 
ing fruits.  It  has  the  disadvantage,  however,  of  a  very  small 
size  and  consequently  a  very  low  actual  breaking  strength.  The 
influence  of  irregularities  is  very  much  more  marked  in  pieces  of 
this  size  than  in  larger  pieces. 

To  determine  the  length  of  time  by  aging  tests  which  a  rulibcr 
article  will  last  is  important  and  much  study  is  under  way  in  this 
direction. 
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Service  tests,  such  as  steaming  for  steam  hose,  treating  with 
oils,  etc.,  or  materials  to  be  subjected  to  those  compounds  are 
carried  out  only  to  a  limited  extent.  This  field,  however,  is  of 
great  value  and  will,  undoubtedly,  be  extended  in  the  future  as  a 
means  of  determining  the  value  of  articles. 

Spccificaliuns. 

You  will.  I  am  sure,  be  interested  in  some  remarks  upon  the 
writing  of  specifications  for  rubber  goods,  for,  I  think,  that  those 
of  you  who  are  familiar  with  this  branch  of  the  industry  will 
agree  wnth  me  that  there  is  no  side  of  the  rubber  business  which 
is  so  crudely  worked  out,  nor, one  upon  which  accurate  and  reliable 
work  can  be  done  to  greater  advantage.  When  you  or  I  desire 
to  buv  an  article,  it  is  qtiite  natural  that  we,  knowing  the  use  to 
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which  it  is  to  be  put,  should  estabhsh  a  set  of  specihcations.  These 
specifications  are  intended  to  estabhsh  a  standard  for  the  article 
to  which  each  purchase  must  measure  to  give  us  a  uniform  quality 
of  the  material  or  article.  The  importance  of  this  matter  is  so 
great  that  it  is  of  moment  to  determine  the  kind  of  specifications  to 
draw  and  the  kind  of  tests  to  prescribe.  Obviously,  such  specifi- 
cations and  tests  must  be  developed  in  the  light  of  knowledge  of 
the  material  to  be  specified. 

There  are  two  extremes  of  specifications : 

(1)  Specifying  chemical  composition,  physical  tests  and 
services  as  is  done  in  some   United  Mates  Xavy  specifications. 

2.  The  other  specifying  by  one  physical  property  which  is 
done  in  the  Master  Car  Builders"  specifications  for  air  brake  hose. 

Neither  of  these  extremes  will  give  the  best  article  or  the 
best  value. 

To  obtain  correct  specifications,  all  mention  of  chemical  com- 
position should  be  eliminated.  Based  primarily  upon  the  funda- 
mental principle  that  the  percentage  of  crude  rubber  cannot  be 
positively  determined  and  the  influence  of  the  difl:'erent  mineral 
matters,  etc.,  are  known  to  the  rubber  manufacturer  chiefly,  the 
specification  of  a  percentage  of  pure  Fine  Para  is  at  best  uncer- 
tain. Strictly  speaking,  pure  Fine  Para  is  the  crude  rubber  ob- 
tained in  the  smoking  process  on  the  Amazon  and  tributaries.  The 
term  "Pure  Fine  Para"  should  include  not  only  the  rubber  obtained 
from  the  Amazon,  but  also  rubber  from  the  tree  Hevea-brasiliensis, 
made  anywhere  in  the  world.  The  term  "Para"  is  derived  from 
the  town  Para,  but  practically  applies  to  rubber  from  the  fore- 
going tree.  In  view  of  the  fact  that  Para  rubber,  Congo  rubber, 
etc.,  dift'er  from  each  other  in  their  crude  state  by  the  percentage 
of  acetone  usually  found,  chemists  have  been  in  the  habit  of 
stating  that  pure  Fine  Para  is  present  when  the  acetone  extract 
is  low  and  not  present  when  it  is  high.  Here  specifications  are 
uncertain  and  testing  methods  unreliable  since  this  test  does  not 
prove  nor  disprove  the  presence  of  any  grade  of  rubber  and  much 
depends  upon  the  analyst's  judgment. 

The  only  determination  today  made  is  that  of  rubber  hydro- 
carbon, and  since  this  varies  in  properties,  tensile  strength,  aging 
properties,  etc.,  it  is  useless  to  attempt  to  specifv  it. 

In  the  same  way  the  specification  of  sulphur  of  mineral  mat- 
ter or  any  other  kind  of  added  material  is  not  warranted.  Any 
attem])ts  bv  buyers  or  consumers  to  make  specifications  covering 
these  matters  would  be.  at  best,  uncertain.  The  best  way,  there- 
fore, is  to  specify  that  the  article  must  comply  with  certain  phys- 
ical requirements  and  leave  it  wholly  to  the  manufacturer  to  decide 
on  what  chemical  composition   will   meet  these   specificatic^is. 

Physical  Properties. 

The  buyer  can  establish  physical  properties  and  lay  out  tests 
to  determine  them  which  will  show  the  value  of  the  article  for 
his  purpose.  They  should  be  made  severe,  but  well  balanced. 
Tensile  strength,  elongation  and  recoverv  should  be  specified  in 
terms  that  will  give  the  highest  possible  value  as  required  for  the 
article  in  question. 
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You  buy  vanadium  steel,  high  carbon  steel,  bronze,  etc.,  not 
because  of  their  respective  composition,  but  because  that  composi- 
tion has  been  shown  to  have  certain  valuable  properties.  It  is, 
after  all,  the  properties  that  we  buy. 

Service   Tests. 

Comparative  service  and  aginor  tests  should  be  required.  The 
objection  has  been  frequently  raised  and  probably  will  be  raised 
by  some  of  you  that  it  is  a  difficult  matter  to  place,  under  any 
conditions,  an  article  and  then  age  it  so  that  in  a  short  time  it  is 
possible  to  deduce  the  effects  of  long  use. 

However,  granted  that  the  difficulty  is  great,  it  is  not  insur- 
mountable. What  is  desired  is  not  so  much  that  the  rubber  be 
completely  used  up  in  a  service  test  as  that  the  rate  of  deteriora- 
tion be  determinecl.  Given  then  the  rate  of  deterioration  of  hose, 
the  quality  of  which  in  service  is  well  known,  and  it  is  perfectly 
possible  to  predict  from  a  curve  the  comparative  aging  value  of 
the  unknown. 

If  consumer  and  producer  will  co-operate,  these  service  tests 
can  be  developed  and  to  the  advantage  of  all  concerned. 

\'I.      Statistics  of  the  Rubber  Industry: — - 

I  wish  to  acknowledge  my  obligation  to  Schidrowitz's  recent 
work  on  rubber  for  most  of  the  statistics  of  this  lecture.  It  is  ver\' 
difficult  to  arrive  at  exact  figures  either  of  production  or  con- 
sumption. 

The  total  production  of  crude  rubber  for  the  vear  ending 
June,  1910,  was  probably  between  85,000  and  90,000 'tons.  It  is 
estimated  that  in  the  present  year,  1911,  when  the  figures  are  in, 
thev  will   show  production  about  as   follows : 

Per  Cent.  Tons. 

Brazil,    Peru   and    Bolivia 46.5  40,000  to  41,000 

Other   South    .A.merican   states, 

Mexico    and    Central    Americ?  17.5  15,000  to  17,000 

Africa    ^. . . .  17.5  15.000  to  17,000 

Cevlon,     Malav,     Java,     Sum- 
atra   and    Borneo 16.2  14.000  to  15.000 

Miscellaneous     2.3  2,000  to    3,000 


Total    for   1911 100.0        86,000  to  93,000 

I.       THE   UNITED   STATES. 

Imports  of  crude  rubber   (official  statement  for  the  fiscal   \ear 
ending  June  30)  : 

1907-S  1908-9  1909-10 

Pounds.  Pounds.  Pounds. 

Total     62,233,160  8<S.359,S95  101.044,681 

Import    value     ....  $36,613,185  $61,709,723  $101,078,825 

.Average  per  pound  58.8  cents  69.8  cents  $1.0t) 

Net   Imports    (Retained  for   Cousiimption). 

1907-8            1908-9  1909-10 

Pounds.          Pounds.  Pounds. 

Imports     62.233,160  88.359,895  101.044,681 

Exports    4,110,667        3,791,961  6,492,947 


Net  Imports..  58.122,493   84,567,934   94,551,734 
Per  cent 93.5       95.6       93.7 
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Other  United  States  Imports. 


1907-8 
Pounds. 
584,552 
188,610 
rubber 16,331,033 


Percha. 


1908-9 

Pounds. 

1,157,018 

255,559 

20,497,695 

24,826,296 


1909-10 

Pounds. 

399,003 

784,501 

37.364,671 

52,392,444 


Balata 

Gutta 

Waste 

Gutta-jelutong    ....     22,803,303 

E.xpoRTS  AND  Imports  of  Manufactured  Goods. 
Exports. 

Articles.  Value. 

Belting,  packing  and  hose    $1,960,825 

Boots   and   shoes    1,984,739 

Other   goods    5,1 15,331 


Tr.tal 


$9,060,895 


luiports. 
Value   $1,154,347 

II.      THE  UNITED  KINGDOM— CRUDE  RUBBER. 


Imports. 

Quantity,  Value, 

Pounds.  Dollars. 

1910 87,696,800  126,831,362 

1909 70,006,200  68.71 1,672 

1904—8 58,778,100  45,212,531 

(Average) 

1907 : .  .66,729,400  53,142,929 


Re-Exports. 

Quantity,  Value, 

Pounds.  Dollars. 

46,787,200  72,185,886 

39,792,40(^  44.313,888 

33,412,900  28,472,252 


Retained 
for  Consumption. 


Quantity, 
Pounds. 
40,909,600 
30,223,800 
25,365.200 


Value, 
Dollars. 
54.645,476 
24,397,783 
16,740,280 


Exports   and  Imports  of  Manufactured   Goods. 


1909 


nd    1910. 
Exports,  Value. 


1909  1910 

Boots    and    shoes $  999.546  $     931,604 

Waterproof  garments    1,434,594  2,424,047 

Miscellaneous    goods     7,659,360  8,830,280 

Cables     (other     than     telegraph 

and   telephone)     1,406,202  2,168,431 

Telegraph    and    telephone    cables  3,616,520  11,085,223 


Imports 

Value. 

1910 

$   943,369 

35,852 


Exports 

Value. 

1910 

$73,269 

5,229 


-not  stated- 


822,307 
1,308,642 


60,672 
80,977 


Totals    $15,1 16,223     $25,470,482     

III.      GERMANY— CRUDE  RUBBER. 

1909— Pounds.    1910— Pounds. 

Imports    31,000,000  37,400,000 

Re-Exports     8,000,000  9,800,000 


Balance    retained    23,000,000  27,600,000 

Manufactured  Goods,  Exports,   1910   (Chief  Articles   Only). 

Quantity,  Value, 

Pounds.  Dollars. 

General    soft    rubber   goods 1.730,600  2,002,320 

Ebonite    546,800  425,736 

Proofed   goods    1,289,400  1,440,747 

Cables       (lighting,      aerial,      tele- 
graph, etc.)    5.138,000  1.529,685 

Submarine,    etc.,    cables 65,356,000  11,514,089 
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IV.   FRANXE.   CRUDE  RUBBER  AXD  GUTTA. 

1909— Pounds.  1910— Pounds. 

Imports    26,368.000  33.700.000 

Re-Exports     16,486,000  24,434,000 

Balance   retained    9,882,000  9,266,000 

RUBBER   PRICES. 

Tlic  Wall  Street  Journal,  under  date  of  Nov.  24.   1911.   ^ivc^ 

an   interesting-   article   on   the   rang^e   of    rubber  prices   during   tlic 
past  22  years : 

Year.                                           High.            Low.  Changes. 

1911    $1.70           $0.98  $0.72 

1910    3.10             1.44  1.66 

1909    2.22             1.26  .96 

1908   1.30               .69  .61 

1907    1.27               .82  .45 

1906    1.30             1.24  .06 

1905    1.40             1.23  .17 

1904    1.33             1.00  .33 

1903    1.13               .91  .22 

1902    98               .81  .17 

1901    87               .66  .21 

1900    1.16             1.00  .16 

1899    1.16             1.04  .12 

1898    1.10               .90  .20 

1897    91                .84  .07 

1856    91                .78  .13 

1895    84               .74  .10 

1894    74               .66  .08 

1893    84               .74  .10 

1892    68               .60  .08 

1891    87               .66  .21 

1890    1.00               .72  .28 


Discussion 

H.  E.  Smith  : — 

In  the  judgment  of  rubber  goods  wc  find  chemical  analysis, 
physical  tests  and  actual  service  all  valuable.  Actual  service  is 
the  final  criterion  of  values,  but  in  the  inspection  of  shipments  of 
material  the  testing-  engineer  usually  may  not  take  the  time  re- 
quired for  actual  service  trials.  For  example,  a  concrete  structure 
will  last  manv  years,  yet  the  cement  in  it  must  be  tested  within 
28  days  or  less. 

"Accelerated"  service  tests  may  sometimes  be  made,  but  there 
is  danger  that,  if  the  acceleration  is  sufficient  to  be  valuable,  the 
conditions  of  the  test  may  be  made  so  much  more  drastic  than 
normal  service  that  erroneous  results  are  obtained.  Chemical 
analysis  and  physical  tests  may,  therefore,  be  the  only  means  of 
judgment  available.  Obviously  the  decision  must  be  based  on  the 
application  of  really  instructive  methods  of  test  and  the  correct 
interpretation  of  results  as  well  as  a  thorough  knowledge  of  actual 
service  conditions. 

Specifications  are   always   useful   if  they   can   be   made   t«i   de- 
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scril)c  the  material  accurately  aiul  in  such  manner  that  shipments 
can  be  checked  by  them.  A  specification  for  hose,  which  states 
simply  that  the  hose  must  have  certain  dimensions  and  be  com- 
posed of  tube,  fabric  and  cover,  "each  of  the  best  of  its  kind  for 
the  purpose",  is  not  very  valuable.  Satisfactory  specifications  are 
not  always  easy  to  write  and  require  much  careful  study.  Many 
of  those  now  in  use  for  rubber  hose  are  unquestionably  faulty  or 
insufficient. 


H.  AI.  FooTE,  Jr.  :— 

Mr.  President  and  members  of  the  Cleveland  Engineering- 
Society:  There  is  very  little  that  I  can  add  to  Dr.  Geer's  lecture 
on  "Rubber",  as  he  has  covered  the  subject  in  such  a  general,  but 
comprehensive  manner.  But  as  engineers,  I  desire  to  call  your 
attention  to  several  technicalities  in  the  design  of  rubber  bumpers 
and  other  molded  rubber  goods. 

Persons  unfamiliar  with  the  manufacture  of  molded  rubber 
goods  seem  to  be  under  the  false  impression  that  the  un vulcanized 
rubber  is  melted  in  a  crucible,  or  other  retort,  and  is  poured  into 
a  mold.  Very  often  a  wooden  pattern  is  furnished  for  this 
purpose. 

Molds  for  rubber  are  made  of  cast  iron,  steel,  or  white  metal. 
Two  plates,  or  sometimes  three,  as  the  case  may  require,  are 
planed  to  the  desired  thickness,  and  in  these  plates  a  number  of 
cavities,  depending  on  the  number  of  rubbers  to  be  produced  per 
heat,  are  machined.  All  of  these  cavities  must  be  exactly  alike 
and  of  the  same  shape  as  the  rubber  to  be  produced,  a  little  allow- 
ance being  made  for  the  shrinkage  of  the  rubber.  Each  cavity  is, 
therefore,  a  negative  of  the  molded  article.  Most  of  these  cavities 
are  machined  on  a  drill  press.  Some  are  easier  made  on  a  die 
sinker,  boring  mill,  or  milling  machine. 

It  is  perfectly  obvious  then  that  the  molds  easiest  and,  there- 
fore, cheapest  to  make  are  those  that  can  be  roughed  out  with  a 
drill,  and  finished  with  a  formed  tool.  Sharp  corners  then  should 
be  generally  dispensed  with  where  possible.  The  article  should 
also  be  of  such  shape  that  it  will  draw  from  the  mold  after  it  has 
been  vulcanized  in  it.  To  do  so,  it  is  best  to  avoid  beads  or 
recesses  where  possible. 

Holes  in  bumpers,  etc.,  are  invariably  molded,  nuich  the  same 
as  a  hole  is  cored  in  an  iron  casting  with  the  exception  that  in- 
stead of  a  sand  core  being  used,  a  steel  pin,  the  same  shape  as 
the  hole  to  be  made,  is  permanently  fastened  into  one  mold  plate 
and  made  to  register  in  the  other  plate.  It  is  obvious  that  all 
holes  should  be  round  rather  than  rectangular  or  oblong,  and  ot 
such  shape  that  the  pin  may  be  made  on  a  lathe  or  screw  machine. 

Trade  marks,  patent  dates,  etc.,  are  easiest  made  with  raised 
letters  on  the  rubber,  since  they  can  be  stamped  into  the  moid 
with  a  steel  stamp.  It  is  also  easier  to  put  such  marks  on  a  Mac 
rather  than  a  curved  surface. 

White  metal  molds  are  only  used  where  it  is  too  difficult  to 
make  a  cavity  in  cast  iron  or  steel,  or  where  a  great  amount  of 
bench  work  would  be  re(|uired.      In  such  a  case  a  steel  matrix  is 
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made  the  exact  shape  of  the  nihljer,  allowance  hein<>-  made  for  the 
shrinkaf^e  of  the  white  metal  and  the  rubher.  A  frame  is  then 
clamped  to  the  matrix,  and  molten  white  metal  poured  into  it,  thus 
producing-  a  cavity  of  the  desired  shape. 

After  the  mold  has  been  completed,  the  raw  or  unvulcanized 
rubber  is  formed  to  approximately  the  desired  shape,  and  is  placed 
in  the  mold.  The  mold  is  then  placed  in  a  press  which  has  two 
or  more  steam-heated  plates,  and  the  press  plates  are  forced  into 
close  contact  with  the  mold,  usually  by  hydraulic  pressure.  The 
unvulcanized  rubber,  being  very  soft  and  plastic  under  heat,  flows 
into  all  parts  of  the  mold  cavity.  The  mold  is  allowed  to  remain 
in  the  press  a  sufificient  length  of  time  to  thoroughly  vulcanize  the 
rubber.  The  rubber  is  then  taken  out  of  the  mold,  and  the  Hash, 
or  overflow,  trimmed  off,  after  which  it  is  ready   for  use. 

In  regard  to  specifications  for  rubber  hose,  etc.,  I  think  that 
it  would  be  advisable  for  the  manufacturers  of  rubber  goods  to 
form  a  bureau  for  the  standardization  of  specifiations.  The  man- 
ufacturer is  of  necessity  more  familiar  with  the  numerous  elements 
that  enter  into  the  production  of  rubber  goods,  and  if  furnished 
the  necessary  data,  should  be  in  a  better  position  to  design  a  hose 
or  belt  to  meet  a  certain  specific  requirement  than  the  purchaser. 
The  same  as  an  engine  builder  or  architect  is  more  capable  of  de- 
signing an  engine  or  building  and  specifying  what  material  should 
enter  into  its  construction  than  the  purchaser  of  the  engine  or 
building.  The  consumer  should,  however,  be  given  a  reasonable 
guarantee  that  the  rubber,  duck,  etc.,  used  in  the  construction  of 
his  goods  meets  certain  physical  tests  and  chemical  analysis.  It  is 
to  the  manufacturer's  interest  to  produce  goods  that  will  wear  the 
longest  and  give  the  best  service  for  the  money,  and  the  best 
results  can  be  attained  only  when  the  manufacturer  has  the  com- 
plete confidence  of  the  consumer. 
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Society  Notes 

MIXUTES  OF  MEETINGS. 

Nov.  14,  1911. — Regular  meeting  called  to  order  by  President  Roberts 
at  7 :  45  p.   m.     Present,  about   150  members  and   guests. 

Minutes  of  meetings  Oct.   10  and  24  read  and  approved. 

Applications  for  membership  v^-ere  received  and  passed  to  letter  ballot 
as   follows  ; 

For    active   members  : — ■ 

Arthur  S.  Hfxkek  Harry  D.  Hughes 

George  W.  Heixkel  Carl   U.  North 

Harry   L.    Porter 

For   associate  members  : — 

Thomas  F.  Bechtel      John   R.  Bentley       Albert  E.   Derby 

For   corresponding    member  : — 

Raymond    G.    De   Frees 

Teller's  report  showed  the  election  of  the  entire  membership  ballot. 
(See  list  in  minutes,   Oct.   10,   1911.) 

A  letter  was  read  from  the  Cleveland  Section  of  the  American  Chem- 
ical Society,  requesting  that  a  committee  be  appointed  by  the  Cleveland 
Engineering  Society  to  act  with  a  similar  committee  from  the  Chemical 
Society  to  consider  the  question  of  the  water  supply  for  Cleveland,  and 
its  improvement.  President  Roberts  announced  that  he  would  appoint  such 
a  committee  in  a  few  days. 

The  program  consisted  of  a  series  of  papers  on  "The  Purification  of 
Water",  presented  by  R.  Winthrop  Pratt,  special  sanitary  engineer,  city  of 
Cleveland :  Dr.  R.  G.  Perkins,  Western  Reserve  Medical  College,  Cleve- 
land :  R.  M.  Leggett,  the  National  Air  Purifying  Co.,  Ann  Arbor,  Mich. 
(Paper  read  by  R.  H.  Klauder);  D.  D.  Vincent,  the  Electra  Pure  Water 
Co.,  Cleveland.  The  following  phases  of  the  subject  were  discussed: 
"Purification  by  Filtration",  Mr.  Pratt:  "Purification  by  Chemicals  and 
Interpretation  of  Water  Analyses",  Dr.  Perkins:  "Purification  by  Ozone", 
Mr.   Leggett;   "Purification   by   Electricity",   Mr.    Vincent. 

Following  the  presentation  of  the  papers,  a  lively  general  discussion 
ensued. 

A    hearty    \-ote    of   thanks    was   tendered    the    speakers   of   the    evening. 

Adjourned. 

F.   W.    Ballard, 

Sccrctarv. 


Nov.  28,  1911. — Special  meeting  called  to  order  by  President  Roberts 
a'  7:45  p.   m.     Present,  about  80  members  and  guests. 

There  being  no  business  to  come  before  the  meeting,  President  Rob- 
erts introduced  Dr.  William  C.  Geer,  of  the  B.  F.  Goodrich  Co.,  Akron,  O., 
who  presented  an  interesting  paper  on  "Rubber",  showing  a  number  of 
stereopticon  views  illustrating  rubber  plantations,  methods  of  manufacture, 
etc. 

During  the  general  discussion,  many  questions  were  asked,  which 
were   answered   by   Dr.   Geer. 

A    vote   of  thanks   was   tendered    the    speaker. 

.Xdjdurned. 

F.    W.    B.\llakd, 

Secretary. 

Dec.  12,  1911. — Regular  meeting  called  to  order  by  Vice  President 
Fernald   at   7 :  45   p.    m.      Present,   about  95   members   and   guests. 

Minutes  of  meetings  Xov.   14  and  28  read  and  approved. 

Report  of  the  Tellers  was  read,  showing  the  election  of  the  entire 
mcmliership   ballot.      (List   of   names   in    minutes   of    Xov.    14,    1911.) 
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Applications  for  membership  were  received  and  passed  to  letter 
ballot    as    follows : 

For  active   members  : — 

Geofge  L.   Ckaig  Levi  E.  Jennings 

Richard    Fleming  Arthur    E.    Schwemler 

John  W.  Holt  James   G.   Sterling 

For  associate  members  : — 

Clifford    M.    Alexander         Arthur  J.   Hudson 
Russell  A.   Bogafdus  Allison  J.   Thompson 

An  invitation  was  read  from  the  American  Institute  of  Electrical 
Engineers,  to  the  Cleveland  Engineering  Society,  requesting  that  as  many 
of  the  Engineering  Society  members  as  possible  be  present  at  the  Amer- 
ican Institute  meeting  at  8:00  p.  m..  Monday,  Dec.  18,  1911,  at  the  Cham- 
ber of  Commerce  Library,  to  hear  an  address  by  Dr.  A.  A.  Hammer- 
schlag,  director  of  the  Carnegie  Technical  Schools,  Pittsburgh,  Pa.,  on  the 
subject   "Engineering   Education". 

The  address  of  the  evening  was  delivered  by  Mr.  Xorman  Macbeth, 
illuminating  engineer  of  the  Westinghouse  Lamp  Co.,  Bloomfield,  X.  J., 
on  the  subject  "Applications  of  Illuminating  Engineering  in  Store  and 
Factory".  A  number  of  lantern  slides  were  used  as  illustrations  of  proper 
and   improper   methods   of   lighting. 

A   lively   discussion    followed,    in   which   the    following   persons    partic- 
ipated:    Messrs.   Luckish,   Dates,   Harrison   and   Mott.      Also,    a    number   of 
questions   w-ere    asked,   all   of   which   were   ably   answered   bv   Mr.    Macbeth. 
A  vote  of  thanks  was  tendered  the  speaker. 
Adjourned. 

G.   S    Black, 
Acting   Secretary. 


Jan.   9.    1912. — Regular   meeting   called   to   order   by    President    Roberts 
at  7 :  4.5  p.   m.     Present.  65  members  and  guests. 

Minutes   of   meeting   Dec.    12,    1911,    read   and    approved. 
Report   of   the   Tellers   showed   the   election   of   the   entire   membership 
ballot.        (List  of  names   in   minutes  of   Dec.    12,    1911.) 

Applications  for  membership  were  received  and  passed  to  letter  ballot 
as   follows  : 

For   active  members  : — 

Harry  A.  Fulton         Linde  ^^  Gaylord         Harry  E.  Weeks 
For  associate  membership  : — 

James  Connelly 
The   President  then  introduced   the   speaker,   Mr.   C.   E.    Denney,   signal 
engineer,  L.   S.   &  M.   S.   R.   R.   Co.,   who  presented   an   illustrated   paper   on 
the  subject  "Railway  Signaling".     The  discussion   following  was  participated 
in  by  Messrs.   Bates,   Roberts,  Edw.   Snider  and  \V.   M.   Ray. 
A  vote  of  thanks  was  tendered   the   speaker. 
-Adjourned. 

G.   S.   Black, 
Acting   Secretary. 


Jan.  24,  1912. — Special  meeting  of  the  Cleveland  Engineering  Society 
and  the  Ohio  Engineering  Society  in  the  Assembly  Hall  of  the  Hollenden 
Hotel,   Cleveland.      Present,   about   200. 

Meeting  called  to  order  by  President  Lindsey.  of  the  Ohio  Society, 
at  8:00  p.  m.  The  address  by  \V.  L.  Page,  scheduled  for  the  afternoon 
session,  had  been  postponed  and  was  first  on  the  program  for  the  evening 
session. 

President  Roberts  of  the  Cleveland  Society  then  took  the  chair  and 
introduced  Mr.  R.  C.  Beardsley,  who  presented  an  illustrated  paper  on 
"The  Design  and  Construction  of  Dams",  with  special  reference  to  recent 
failures. 

This  paper  was  followed  by  a  lively  discussion  participated  in  by 
Messrs.  .\.  J.  Himes,  E.  G.  P>radbnrv,  S.  W.  Emerson,  G.  H.  Tinker 
and  A.   W.   Ray. 

Meeting  adjourned. 

G.   S.   Black. 
.Icting   Secretary. 
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LIBRARY. 

The  following  are  some  of  the  recent  additions  to  the  library : 

Traiisactiojis  of  the  American  Insiitntc  of  Electrical  Engineers, 
\'ols.  10  to  29,  inclusive,  donated  by  C.  W.  Wason. 

llie  Plums  of  Neie   York,  Hedrick,  donated  by  W.  Beahan. 

Jnfeniatioiial  Raihccay  Coiii^ress  .-issociatioji,  Kig-hth  Session, 
\'ol.   J. 

Proceedings  .1  incrlcaii  Society  for  Testing  Materials,   Vol.   II. 

Proceediii'^s  Institute  of  Mec/untical  Ew^ineers,  1911,  Parts 
1  and  2.  ^ 

Students  of  the  metallurgy  of  steel  should  read  Tzvo  Lectures 
on  Steel,  by  Prof.  W.  Rosenhain,  in  Proceedings  Institute  of 
MecJianical  Engineers,  1911,  and  Structure  of  Steel,  by  Prof.  H. 
M.  PIowe,  in  Proceedings  American  Societx  for  Testing  Materials, 
Vol.  II. 

G.  H.  Tinker, 

Librarian. 
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EMPLOYMEXT    i'.L'LLETIX 

This  department  is  for  the  use  of  members  desiring  positions 
or  requiring  engineering  services  ;  it  is  under  the  personal  direc- 
tion of  the  secretary,  who  is  anxious  to  increase  its  value  to  the 
members.  Therefore,  if  you  are  in  need  of  engineering  help,  or 
desire  to  secure  a  position,  dD  not  hesitate  to  call  on  the  depart- 
ment for  assistance. 

All   information    is   handled  confidentiallv. 


MEX  A\'A1LADLE. 

Xo.  14A.  Graduate  civil  engineer,  Ohio  State  University,  desires 
position  as  inspector,  transitman  or  draftsman:  two  years'  experience  con- 
sisting of  designing,  concrete  structures,  inspection  of  concrete  and  steel 
bridges  and  also  city  surveying. 

Xo.  15A.  Mechanical  engineer.  Case  School,  B.  S.  Some  experience 
with  electrical   machinery,  ore  handling  machinery,   etc. 

Xo.  16A.  Mechanical  engineer.  University  of  Pennsylvania,  1907, 
M.  E.     Machine  shop,  construction,  power  plant  and  some  sales  experience. 

Xo.  17A.  Mechanical  engineer :  experience  covers  varied  mechanical 
lines,  car  design  and  signal  work,  construction  in  concrete  and  steel,  and 
testing :  special  training  in  patent  investigations,  shop  methods  and  cost 
keeping.  Desires  position  as  mechanical  engineer  or  assistant  to  super- 
intendent. 

Xo.  18A.  Mechanical  engineer,  Massachusetts  Institute  of  Technol- 
ogy: thorough  machine  shop  training;  desires  position  as  superintendent  of 
mechanical   shop. 

Xo.  19A.  Structural  draftsman ;  seven  years'  experience,  one  year 
of  field  work   (erecting)  ;   desires  position   as  draftsman  or  field   man. 
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Railway  Signaling 

By  C.  E.  Denney 

I  have  assumed  that  }Our  engineering-  studv  and  experience 
has  been  along  Hnes  other  than  signahng ;  in  fact,  I  agreed  to 
talk  only  after  being  assured  by  your  Secretary  that  none  of  the 
members  will  know  anything  about  signals.  Did  he  mean  when 
you  came  here  tonight  or  when  you  go  home? 

First — The  Reason  for  Signals  on  a  Railroad 

A  signal  is  generally  regarded  as  a  device  for  indicating 
"Stop"  to  approaching  trains.  Modern  signaling,  however,  is 
designed  and  installed  primarily  to  keep  trains  running  rather 
than  to  stop  them.  Trains  are  required  to  stop  before  proceeding 
over  a  non-interlocked  railroad  crossing.  After  an  interlocking 
is  installed,  they  proceed  at  full  speed  over  the  crossing,  unless 
a  conflicting  train  movement  is  being  made  or  the  track  and 
signals  are  arranged  for  it  to  be  made.  The  tower  man  in  charge 
of  the  interlocking  machine  is  enabled  by  schedules  and  advance 
information  of  the  approach  of  trains  to  arrange  the  track  and 
signals  for  train  movements  with  a  minimum  delay. 

Automatic  block  signals  likewise  are  installed  to  permit  a 
number  of  trains  to  be  run  at  speed  safely.  The  function  of 
signals  may,  therefore,  be  defined  as  a  means  of  reducing  the 
number  of  stops  required  before  signals  were  installed,  or  as  has 
aptly  been  said  "saving  seconds  safely". 

It  is  the  intent  of  the  talk  this  evening  to  describe  signaling 
from  an  operating,  rather  than  an  engineering  standpoint ;  in  other 
words,  to  describe  the  methods  of  governing  movements  of  trains 
by  signals  rather  than  the  design  and  installation  of  the  ap- 
paratus, treating  the  subject  under  the  two  general  headings  of 
block  signaling  and  interlocking. 

Block  Signals. — It  is  apparent  that  the  safe  operation  of  trains 
on  the  same  track  requires  that  they  shall  be  separated  by  an 
interval  of  time  or  space.  The  time  interval  is  safe  if  trains  are 
operated  at  approximately  uniform  speed  and  properly  and 
promptly  protected  when  stopped,  and  it  is  now  in  use  on  some 
railways  or  portions  of  railways,  usually  where  comparatively 
slow  speed  freight  trains  only  are  operated. 

The  operation  of  both  high  speed  first  class  and  low  speed 
lower  class  trains  renders  the  time  interval  between  trains  in- 
adequate, and  the  space  interval  blocking  has.  therefore,  come 
into  general  use. 

I'.lock  signaling  of  this  class  may  be  divided  into  three  types, 
namely:      Manual,  controlled  manual  and  automatic. 

7'lic  Manual  Block  System  or  telegraph  block  system,  as  it 
is  sometimes  known,  is  a  system  in  which  the  block  signals  at  a 
block   station   are   operated  by   an   attendant   on   information    con- 
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veyed  to  him  from  the  other  block  .stations  by  teleg-raph,  telephone, 
or  electric  bells,  the  telephone  now  comin:;-  into  .general  nse. 

The  Controlled  Manual  Block  System  is  a  mannal  block  sys- 
tem, in  which  the  signal  apparatns  at  one  end  of  the  blnck  is 
electrically  locked  with  that  at  the  other  end  in  <u.-li  a  wav  as  to 
display  a  proceed  signal  to  ])ermit  a  train  to  enter  the  section 
on]\-    b\-    tlie    co-oj^eration    nf    the    men    located    at    tlie    stations    at 
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either  end  of  the  block.  The  control  featiu'es  in  the  manual  block 
system  are  installed  as  a  check  on  the  men.  the  rules  for  the 
operation  of  the  manual  block  and  controlled  manual  block  being 
practically  the  same. 

Given  a  section  of  road,  for  example  an  operating  division, 
on  which  train  movements  are  controlled  by  one  dispatcher,  either 
single  or  double  track,  the  number  and  length  of  blocks  into 
which    the    division    is    divided    for    manual    or    controlled    manual 
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operation  is  determined  from  a  study  of  the  number  and  class  of 
train  movements,  grades,  locations  of  passing  sidings  ( usually  at 
cities  or  towns),  junction  points,  etc. 

As  the  number  of  block  stations  is  determined  b\-  the  maxi- 
mum amount  of  business  to  be  handled  at  any  one  time,  it  there- 
fore reasonably  follows  that  it  is  not  necessary  to  have  all  offices 
open  continuously,  and  the  heaviest  trafific  is  handled  usually 
during  the  working  day.  Certain  block  stations  are  open  contin- 
uously, others  for  a  portion  of  the  day,  two  or  more  blocks  being 
temporarily  combined  and  operated  as  one  block  between  the 
offices  either  side  of  the  closed  office  or  offices. 

At  each  block  oifice,  a  signal  is  erected  about  opposite  or  200 
or  300  feet  beyond  the  office,  controlled  by  a  lever  in  the  block 
office.  Plate  1  shows  a  two-position  block  signal,  the  arm  in  the 
horizontal  position  indicating  "Stop"  on  account  of  the  block 
occupied  or  train  orders,  and  in  the  diagonal  position,  as  shown 
indicating    "Proceed". 

It  is  the  practice  on  some  roads  to  keep  the  signal  in  the  stop 
position  until  it  is  to  be  cleared  for  an  approaching  train,  and 
on  others  to  keep  it  in  the  proceed  position  until  it  is  to  be  put 
to  the  stop  position  for  a  train.  The  former  is  termed  normally 
stop,  and  the  latter  normally  clear  system.  Each  system  has  its 
advocates,  but  the  results  accomplished  are  the  same. 

If  a  second  train  is  not  permitted  to  enter  a  block  occupied 
by  a  preceding  train  going  in  the  same  direction,  the  system  is 
termed  absolute  block. 

If  a  train  is  permitted  to  enter  an  occupied  block  under  certain 
rules  and  restrictions,  as  to  class  of  train,  the  system  is  termed 
permissive  block.  On  many  roads,  permissive  blocking  is  in 
effect,  second  and  lower  class  trains  being  allowed  to  follow 
other  than  first  class  trains  into  the  block,  the  train  being  notified 
that  a  preceding  train  has  not  cleared  the  block,  or  a  time  interval 
is  maintained  between  the  second  and  lower  class  trains,  h'irst 
class  and  all  passenger  trains  are  not  permitted  to  enter  an  occu- 
pied block  or  to  be  followed  into  a  block. 

The  number  of  block  offices  for  handling  heavv  traffic  makes 
the  expense  of  operation  almost  prohibitive.  Three  men  are  neces- 
sary to  operate  an  office  open  more  than  18  hours  since  the  so- 
called  "Hours  of  Service  Law"  has  been  in  effect.  Where  heavy 
trafific  is  being  handled,  the  expense  is  very  high  on  account  of 
the  number  of  men  employed,  block  sections  of  not  more  than 
three  miles  being  necessary  in  some  locations. 

The  first  block  signal  system  in  America  was  installed  be- 
tween Kensington,  Pa.,  and  Trenton,  X.  J.,  in  1863  or  1864,  the 
space  interval  having  been  put  into  effect  after  a  disastrous  rear 
end  collision  of  east  bound  freight  trains  at  night,  carrying  soldiers 
from  the  seat  of  the  war  to  Xew  York  ancl  Xew  England.  In 
1872.  when  the  Pennsylvania  railroad  took  control  of  these  line", 
a  length  of  90  miles  was  being  worked  bv  the  block  system,  the 
block  signals  consisting  of  banners  in  boxes  supported  on  post.-, 
and  red  flannel  banners  were  dropped  in  front  of  a  white  surface 
or  white  light  for  the  stop  indication. 

Statement  as  of  Jan.  1.  1912.  shows  that  approximately  45,500 
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miles  of  single  track  and  8,429  miles  of  road  of  two  or  more 
tracks  are  operated  by  the  manual  or  controlled  manual  block 
system. 

Tlic  Aiitovwtic  Block  System  va2cy  be  defined  as  a  block  sys- 
tem, in  which  the  signals  are  worked  by  power  without  an  attend- 
ant, the  power  being  controlled  by  the  passage  of  a  train  into, 
through  and  out  of  the  block  section.  The  kinds  of  power  used 
are  electro-magnets,  actuated  by  primary  or  storage  batteries, 
weights  or  clock  work,  compressed  air.  carbonic  acid  gas,  and 
electric  motors  operated  by  primary  or  storage  batteries,  or  on 
electric  and  on  some  steam  lines  by  alternating  current. 

After  stopping  at  an  automatic  signal  indicating  stop,  a  train 
is  allowed  to  proceed  into  the  block,  expecting  to  find  a  train, 
broken  rail,  open  switch  or  some  other  obstruction  in  the  block. 
The  block  lengths  usually  vary  on  steam  roads  from  3,000  feet 
to  three  miles.  It  is  the  exception,  however,  to  install  blocks  of 
more  than  one  and  one-half  miles  in  length. 

Automatic  signals  were  invented  in  America  and  have  been 
developed  on  American  railways.  The  track  circuit,  which  con- 
sists of  a  battery,  located  at  one  end  of  the  block,  one  pole  of  the 
battery  being  connected  to  either  rail,  and  a  relay,  usually  of 
about  4  ohms  resistance,  located  at  the  other  end  of  the  block,  the 
current  from  the  battery  being  carried  through  the  rails  to  the 
terminals  of  the  electro-magnet  of  the  relay,  controlling  the 
movement  of  an  armature,  which  carries  a  contact  for  the  control 
of  the  signal  circuits.  A  train,  car  or  open  switch  sets  a  signal 
to  indicate  "Stop"  by  short  circuiting  the  current  flowing  through 
the  rails  of  the  track.  The  track  circuit  was  invented  in  1879, 
and  was  introduced  on  10  miles  of  the  Fitchburg  railway,  near 
Boston,  and  from  that  time  automatic  signals  have  made  steady, 
though  rather  slow  progress,  the  most  extensive  installations  hav- 
ing all  been  made  during  the  last  15  years. 

The  report  as  of  Jan.  1,  this  year,  shows  approximately  9.500 
miles  of  single  track  and  10.500  miles  of  road  of  two  or  more 
tracks,  a  total  of  20.000  miles  of   road  protected  by  this  system. 

Automatic  signal  installations  are  made  not  entirely  in  the 
interests  of  safety  of  operation,  although  this  naturally  follows. 
They  provide  a  means  for  securing  the  maximum  capacity  of 
track  consistent  with  the  speed  at  which  trains  are  to  be  operated, 
and  bring  about  economies  when  the  traffic  on  a  road  becomes 
sufficient  to  warrant  the  installation.  I  feel  safe  in  saying  that 
on  some  busy  roads,  the  interest  on  the  investment,  depreciation 
of  the  apparatus,  and  cost  of  maintenance  and  operation  is  entirely 
saved  in  the  actual  cost  of  handling  trains.  The  protection  afiford- 
ed,  therefore,  is  practically  secured  without  cost.  I  would  not 
wish  to  be  misunderstood  as  meaning  that  money  can  be  saved 
on  all  railroads  by  installing  automatic  signals,  as  they  are  not 
warranted  by  light  traffic  which  can  be  satisfactorily  protected 
by  the  manual  block  system  with  comparatively  long  blocks. 

The  indications  displayed  by  the  signals,  and  the  fundamental 
methods  of  control  on  single  track  and  double  track  are  the  same. 
It  is.  however,  necessary  to  interconnect  the  signals  on  single 
track    so    that    following    and    opposing    movements    are    properly 
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protected,  while  on  double  track  folli)\\inj^-  movements  only  are 
provided  for.  movements  against  the  current  of  traffic  being  han- 
dled by  train  orders. 

Adz'Giicc  Iiifoniiation. — The  running  of  trains  at  high  speed 
requires  that  the  engine  man  shall  be  given  advance  information 
indicating  that  the  next  signal  is  at  stop  if  the  high  speed  is  to  be 


PLATE   2 

maintained  to  the  known  location  of  the  stop  signal,  especially  if 
weather  conditions  are  unfavorable  and  a  smooth  "service  stop 
is  to  be  made.  This  advance  information  is  indicated  by  what 
is  termed  a  distant  signal  or  caution  signal,  and  the  distance  at 
which  this  signal  is  placed  from  the  home  signal  is  determined 
bv  the  maximum  speed  of  trains,  brake  efficiency,  and  grades. 
This    distance   has   been    materially    increased    within    the    past    15 
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years,  and  the  distant  signals  for  high  speed  tracks  are  now 
usually  located  from  one-half  to  one  mile  from  the  home  signals. 
Plate  2  shows  two  automatic  signals  for  two  tracks  in  the 
same  direction,  both  signals  indicating  "Stop"".  The  top  arm  on 
each  pole  is  the  home  signal  and  in  the  horizontal  position  indi- 
cates "Stop,  block  occupied".  The  lower  arms  are  the  distant 
signals   for  the  home   signals  on  the  poles   in   advance,   and   move 


PLATE    3 

to  the  diag-onal  position  only  when  the  home  signal  above  it,  and 
the  next  signal  in  advance  are  in  the  diagonal  or  proceed  position. 
Tlie  least  favorable  indication  of  the  automatic  signal  is 
"Stop",  as  shown  by  the  last  plate.  A  more  favorable  indication 
is  "Proceed,  prepared  to  stop  at  next  signal",  as  indicated  by  the 
signal  on  the  right.  Plate  3.  The  most  favorable  indication  is 
"Proceed"  (both  arms  inclined),  as  shown  by  the  signal  on  the  left. 
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All  circuits  for  automatic  siguais  and  insofar  as  ijossible  for 
all  signals,  are  arranged  on  the  normally  closed  circuit  principle, 
and  the  signals  are  restored  to  the  normal  stoj)  or  caution  position 
by  gravity.      You  will  understand  that  this  is  essential   to  ])rovide 


PERMISSIVE  SIGNALS 


FIG. 20  FIG. 21 

(upper   PUADRANT) 

Lights, diagonal: 
Upper —  red. 
Lower-— RED. 


FIG. 22  FIG. 23 

(lower  quadrant) 


Lights  : 
Upper—red. 
Lower-green 


Light— RED. 


Indication  — Stop.  Proceed  with  caution. 


ri.ATK    4     (  1-A) 

that  a  break  in  the  circuit  or  the  failure  of  the  battery  will  cause 
the  signal  to  indicate  "Stop"  or  "Caution",  and  it  can  be  made 
to  indicate  "Proceed"  only  when  the  circuits  are  complete  and 
the  block  unoccu])ied  and  unobstructed. 
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The  signals  shown  on  the  screen  up  to  this  time  have  been 
of  the  lower-quadrant  type  and  are  in  general  use.  You  will  note 
that  the  pivot  for  the  semaphore  casting  is  on  the  right,  and  the 
castino-.  when  the  signal  is  clear,  moves  above  and  the  blade  below 


PERMISSIVE   SIGNALS 


FIG. 24  FIG. 25 

(upper  puadrant) 

Lights, diagonal: 
Upper— GREEN. 
Lower— RED. 


FIG. 26 

(lower  gUADRANT) 

Lights  : 
Upper — white 
Lower — green 


Indication — Proceed,  prepare  to  stop  at  next  signal. 


I'LATii  4    (  1-r. ) 

the  horizontal  position.  The  torque  tending  to  return  the  signal 
to  the  stop  position  is,  therefore,  dependent  upon  the  difiference 
in  the  weight  and  the  distribution  of  metal  in  the  semaphore 
casting  and  the  weight,  length  and  shape  of  the  casting  and  blade 
to  the  right  of  the  pivot. 
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This  torque  is  not  exactly  uniform,  as  the  arm  moves  through 
the  arc,  but  in  the  most  approved  designs  of  castings,  it  is  greatest 
when  the  signal  is  in  the  full  proceed  position,  from  which  it  must 
overcome  the  inertia  of  the  parts  and  begin  its  movement  to  the 
normal  position. 


PERMISSIVE  SIGNALS 


FIG. 27  FIG. 28 

UPPER  quadrant) 

Lights,  diagonal: 
Upper  —  white. 
Lower— RED. 


FIG. 29  FIG. 30 

(lower  quadrant) 


Lights: 
Upper— white. 
Lower-white. 


Light- white, 


Indication — Proceed. 


n.  \  1 1-;  4    (  2-  \  ) 

The   difference   in    the   weight   of   the  casting  on   the   left   and 

the   casting  and   arm   on    the   right   of   the   pivot   is   decreased   by 

adding  weight  on  the  blade,   as  would  occur   from  the  collection 

of  snow  and  ice  on   the  signal,  and   it  is.  therefore,  necessary  to 
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provide  a  casting-  of  weight  sufficient  to  counterbalance  the  com- 
bined weight  of  blade  and  ice  accumulation. 

The    amount    of    material    used    in    manufacture    and    current 
required    for    operation    has    been    reduced    during    the    past    few 


PERMISSIVE  SIGNAL 


Lights, diagonal: 

Upper — green. 

Lower— WHITE. 
Indication-— Proceed,  PREPARE  to  pass 

NEXT   SIGNAL  AT  LIMITED  SPEED. 


FIG. 31 


PLATE    4     (2-B) 

years  by  the  design  of  upper-quadrant  signals,  as  shown  by  Figs. 
20,  21.  24  and  2d,  on  the  screen.  The  pivot  in  the  casting  is  to 
the  left  of  the  center  of  gravity  of  the  casting,  and  when  the 
signal  is  operated,  the  complete  blade  and  casting  moves   upward 
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and  to  the  ris^iit.  Any  increase  in  the  weight  from  sleet  or  any 
other  cause,  therefore,  adds  to  the  force  tenchni;-  to  return  the 
signal  to  the  horizontal  stop  pgsitiio-n. 

The  remarks  which  have  b?en  made  in  res^ard  to  tlie  closed 
circuit  principle  and  f^o'\ver  si,^ii;als  being  restored  to  the  stop 
position  by  gravity  applv*je(|.uallv  to  block  signals  and  interlocked 
signals.  '  '  i^-,-  ^  ' 

The  plate  now  on  the-^ci^en  and  the  one  immediately  to  fol- 
low show  the  correspundrng  upi)er  and  lower  (piadrant  signal 
indications  and  are  designed  so  that  they  can  be  used  in  the  same 
territory  withoiU  conflict.  Tliis  "'is  necessarv  if  anv  change  is 
to  be  made  from  lower-quadrant  system  previously  installed  to  the 
upper-quadrant'^  systeiTL,  and  you  will  note  that  the  horizontal 
position  indicates  "Stojp"  in  either  type. 

Fig.  25  shows  the  signal  arni  inclined  at  45  degrees  in  the 
upper-quadrant  and  the  indication  to  the  engine  man  is  the  same 
as  Fig.  26  (lower-quadrant)  top'  arm  inclined,  lower  arm  at 
caution,  previously  described  as  'T'rcceed.  prepared  to  stop  at 
next  signal". 

Fig.  28  shows  upper-quadrarit  signal  in  the  vertical  position, 
and  the  indication  is  the  same  as  Fig.  29,  both  arms  of  the  two- 
arm  home  and  distant  signal  inclined  below  the  horizontal,  indi- 
cating "Proceed". 

In  addition  to  the  mechanical  advantages  stated  for  the  upper- 
quadrant  signal,  you  will  note  that  the  use  of  this  signal  in  three 
positions  (horizontal,  45  degrees  and  vertical)  gives  the  informa- 
tion which  is  conveyed  by  operating  the  two  arms  of  the  two- 
position  lower-quadrant  type.  Three-position  lower-quadrant  sig- 
nals are  also  in  service-xat-some  roads,  hut  it  is  safe  to  say  that  a 
majority  of  the  installations  to  be  made  in  the  future  will  be 
three-position  upper-quadrant  type,  as  it  combines  all  of  the  ad- 
vantages. 

Intcrlockiivj:^. —  r>Iock  signaling  is  for  the  i)rotection  of  trains 
moving  on  the  same  track.  If  it  is  necessary  to  cross  another 
track  on  which  conflicting  movements  may  be  made,  or  if  it  is 
desired  to  move  from  one  track  to  another,  without  hrst  coming 
to  a  stop,  it  is  necessary  to  install  an  interlocking  plant  to  operate 
the  derails,  switches  and  signal  protecting  the  crossing  or  junction 
points. 

Interlockings  are  of  two  general  types,  namely,  mechanically 
and  power-operated.  It  has  recently  been  found  desirable  in  the 
interest  of  economy  to  design  an  electro-mechanical  machine,  in 
which  the  switches  are  handled  mechanically  and  the  signals  by 
power  on  account  of  some  signals  being  located  too  far  from  the 
tower  for  safe  mechanical  operation,  and  because  the  home  signal 
of  an  interlocking  operates  automaticallv  from  the  45-degree  to 
the  90-degree  position,  as  shown  for  permissive  signals,  when  the 
next  automatic  signrd  in  advance  indicate^  that  the  second  block 
is  clear. 

Plates  5  and  o  s]i;)W  an  electro-mechanical  machine  which 
embodies  the  princii)X's  of  operation  of  both  mechanical  and  power 
machines. 

The  l)uil(!ing   from   which    the   machine   is  operated   is   usually 
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called  the  interlockiiiQ-  tower.  The  levers  are  ])lace(l  in  the  second 
story  of  the  buildin^^  in  order  that  the  view  of  the  leverman  may 
not  be  obstructed  by  passing-  trains. 


PLATE   6 
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Plate  7  shows  a  view  of  the  interitn-  of  the  tower,  the 
switches,  derails  and  movable  point  frogs  being"  moved  and  locked 
by  operating  the  long  mechanical  levers,  the  power  signals  being 
operated  by  the  movement  of  the  short  levers  at  the  ends  of  the 
machine.  All  levers  are  interconnected  by  the  locking  to  rcriuire 
a  predetermined  order  of  operating  the  levers  to  prevent  signals 
for  conflicting  movements  being  operated  and  so  far  as  practicable 
to  require  the  track  to  be  arranged  so  that  a  train  disregarding  a 
signal  cannot  collide  with  a  train  using  an  authorized  route. 

Plate  8  shows  the  rear  of  the  machine.  The  locking  is  in  the 
locking  bed,  extending  from  a^l  to  end  of  the  machine. 

The    connections    from    the    u])per   story   of   the   tower   to    the 
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lead  out  at  the  base  of  the  lower  story  is  arranged  as  shown  on 
the  plate,  the  construction,  as  shown,  l)eing  entirelv  firq^rcof. 

The  movement  of  the  lever  is  transmitted  to  the  connections 
on  the  ground  in  front  of  the  tower  througli  the  shafts  and  arms, 
as  shown  on  the  plate. 

The  connection  to  the  switch  is  made  of  l-inch  heavy  pip", 
supported  on  carriers,  spaced  about  7  feet,  and  is  attached  to  the 
switch  point,  as  shown.  To  insure  that  the  switch  has  been  ctMii- 
])letely  thrown  to  the  new  position  l)efore  tlie  signal  governing 
the  movement  over  it  can  be  cleared,  a  lock  ( which  can  be  satis- 
factorily maintained  to  detect  an  opening  of  ]/»  inch  of  the  switch 
point)  is  operated  by  a  second  lever  interconnected  with  the  first 
through  the  locking:  and  to  protect  against  the  switch  being  un- 
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locked  while  the  train  is  passino-  over  it.  a  detector  bar  normally 
set  against  and  l)elow  the  top  of  the  rail  is  operated  above  the  rail 
and  returned  to  its  normal  position  by  the  lock  lever. 

Movements  with  the  established  current  of  traffic  are  gov- 
erned by  high  signals  located  over  or  to  the  right  of  the  track 
governed,  the  signal  shown  being  of  the  upper-quadrant  type,  and 
three  arms  arc  displayed  for  each  track. 
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^Movements  against  the  current  of  traffic  on  main  tracks  or 
on  side  tracks  are  governed  by  dwarf  signals  placed  l^etween  the 
tracks,  the  signal  shown  being  of  the  twoposition,  upper-quadrant 
type. 

Levers  operating  switches,  derails  or  moval:)le  point  frogs 
bv  power   (instead  of  mechanically,  as  shown  on  the  plates);  and 
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PLATE    9 

those  operating  power  signals,  as  shown,  are  provided  with  an 
indication  lock,  which  will  allow  the  lever  to  be  fully  restored  to 
its    normal    position    and    other    levers    correspondinglv    released 
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throucrh  the  locking  only  when  the  switches  or  signals  have  as- 
sumed a  position  corresponding  with  the  position  of  the  lever. 
Indication    locks    for   the    signals    sh()\vn    are    operated    by    electro- 


PLATE    13 

magnets   placed   over    the    levers   which    are   energized    onl}-    when 
the  signals  are  in  the  full  stop  position. 

The  interlocking  described  is  installed  for  the  protection  of 
a  single-track  crossing  with  a  four-track  road,  and  to  operate  a 
system  of  cress-overs  so  that  trains  may  be  diverted  from  one 
track  to  another  without  stopping.  A  general  idea  of  the  track 
and  signal  arrangement  is  shown  on  the  screen. 


^ 
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The  indication  of  an  automatic  signal  is  disi:)layed  by  one 
blade,  as  only  one  route  is  governed.  The  three-arm  upper- 
quadrant  signal  shown  on  the  screen  is  installed  to  provide  indica- 
tions for  proceeding  on  a  through  normal  speed  route,  diverging 
to  a  medium  speed  route,  or  diverging  to  a  low  speed  route.  Each 
arm  operates  in  three  positions,  and  the  two  upper  arms  in  addi- 
tion to   indicating  the  speed   at   which   a   train    may   pass   a   signal 
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with  the  current  of  traffic,  indicates  the  position  of  the  next  signal 
in  advance.  The  bottom  arm  is  shown  in  only  two  positions  on 
the  plate,  although  it  is  used  to  give  three  indications.  It  is  oper- 
ated principally  for  movements  to  occupied  side  tracks,  to  tracks 
against  the  current  of  traffic. 

The  top  arm  governs  movements  on  the  normal  speed  route ; 
in  the  90-degree  position  indicates  "Proceed"";  and  in  the  45-degree 
position,  as  "shown,  indicates  "Proceed,  prepared  to  stop  at  next 
signal".  The  middle  arm  governs  movements  over  limited  speed 
route ;  the  90-degree  position  indicating  "Proceed  at  limited 
speed" ;  and  the  45-degrec  position  indicating  "Proceed  at  limited 
speed,  prepared  to  stop  at  next  signal"'.  The  bottom  arm  in  the 
45-degree  position  indicates  "Proceed  at  low  speed,  prepared  to 
stop". 

Night  indications  of  the  signals  are  displayed  by  colored 
lights.  "  Red  is  used  to  indicate  "Stop"  on  all  roads.  On  some 
roads,  the  caution  indication  is  displayed  by  green  light  and  the 
proceed  indication  by  white  light.  On  others  yellow  is  used  for 
displaying  the  caution  indication,  and  green  for  the  proceed 
indication. 

It  is  advisable  to  distinguish  between  "Stop  and  stay"  signals, 
used  for  manual  blocking  and  interlocking,  and  the  permissive 
signals,  operated  automatically.  In  the  figures  shown,  the  per- 
missive signals  have  pointed  end  blades,  the  "Stop  and  stay"' 
signals  have  square  end  blades,  and  this  distinction  is  sufficient  for 
daylight,  when  the  blades  can  be  seen. 

In  the  upper-quadrant  signals,  as  shown,  the  distinction  is  indi- 
cated at  night  by  lights  on  the  interlocking  signals  being  placed 
in  vertical  line,  permissive  signals  being  distinguished  by  lights 
placed  in  a  diagonal  line. 

These  types  of  signals  represent  the  most  recent  development, 
and  are  the  result  of  work  of  the  Railway  Signal  Association 
and  the  American  Railway  Engineering  Association  toward  a 
uniform  scheme  of  signaling.  It  has  not  been  finally  approved 
by  the  Committees,  as  there  is  a  difference  of  opinion,  but  it  is 
being  used  on  a  great  many  railroads  in  the  east,  handling  heavy 
traffic,  and  will,  without  doubt,  eventually  be  approved. 

Practically  no  reference  has  been  made  to  the  engineering 
involved  in  the  design,  installation  and  maintenance  of  signals, 
except  a  few  basic  principles,  but  I  will  be  pleased  so  far  as 
possible  to  answer  any  questions  you  may  have  in  regard  to  the 
subject. 


Discussion 

Mr.  A.  J.  HiMEs: — 

I  would  like  to  ask  Mr.  Denney  to  explain  fully  the  difference 
in  position  of  the  semaphore  signal  for  left-hand  and  right-hand 
operation. 
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AIr.  C.  E.  Denxey: — 

For  rig-ht-hand  operation,  signals  are  placed  over  or  to  the 
right  of  the  track  governed;  for  left-hand  operation,  over  or  to 
the  left  of  the  track  governed.  Engineers  are  on  the  right  side 
of  the  engine  cab  and  the  objection  to  signals  on  the  left  of 
the  track  has  been  aggravated  by  the  increase  in  the  size  of  the 
engine  boilers  over  which  it  is  necessarv  for  the  engineer  to  look 
in  reading  the  signal  to  the  left  of  the  track. 

On  steam  lines,  the  blades  point  to  the  right  of  the  pole.  On 
some  electric  lines  the  blades  point  to  the  left  in  order  to  give  a 
better  background,  the  view  of  the  blade  to  the  right  being  con- 
siderably obstructed  by  the  poles  supporting  the  trolley  wires. 

]\Ir.  Alekkt  H.  Dates: — 

There  is  one  branch  of  the  signalling  art  which  Mr.  Denney 
has  not  touched  upon  that  appeals  greatlv  to  the  layman — however 
it  may  to  the  signal  engineer — and  that  is  the  feature  of  auto- 
matically stopping  moving  trains.  The  idea  has  taken  hold  of  the 
public  that  it  would  be  an  excellent  thing  to  have  the  train  stopped 
automatically  if  the  engineer  did  not  obev  a  signal,  or  did  not 
understand  it,  or  if  the  signal  failed  to  work.  In  fact,  there  has 
been  such  a  demand  by  the  public  for  something  of  that  kind,  that 
Congress  authorized  a  special  board,  a  branch  of  the  Interstate 
Commerce  Commission,  known  as  the  Block  Signal  and  Train 
Control  Board,  which  was  instituted  largely  to  see  what  could  be 
develo])ed  in  the  line  of  better  control  of  trains,  and  particularlv  of 
automatic  control.  That  board  has  reported  that,  out  of  a  large 
number  of  devices  submitted  to  it,  some  fifteen  or  twenty  were 
considered  by  them  as  worthy  of  test  by  actual  practice.  Among 
those  so  recommended  is  an  automatic  stop,  known  as  the  Jones 
stop,  devised  in  Atlanta,  Ga.  If  I  am  advised  correctly,  Mr. 
Denney  has  seen  this  stop  work  in  Atlanta,  or  vicinity,  and  I 
think  it  would  be  interesting  to  hear  some  remarks  from  him  on 
that  subject.  I  understand  the  X'ew  York  Central  has  authorized 
a  test  of  the  Jones  stop  on  the  Niagara  brails  branch,  and  that 
the  owners  are  getting  ready  to  make  a  test  in  snow  and  ice  this 
winter. 

Mr.  C.  E.  Dexxey:— 

The  only  automatic  stops  in  service,  of  which  1  have  any 
information,  are  in  the  New  York  subway,  lioston  subway  and 
elevated,  and  one  or  two  traction  lines  in  the  west.  The  stops  in 
the  subway  and  on  the  elevated  work  very  satisfactorily,  and  they 
consist  entirely  of  mechanical  trips  placed  along  the  track.  The 
apparatus  which  will  work  in  a  subway  or  on  an  elevated  would 
not  work  on  this  Jan.  9.  along  Lake  Erie,  and  it  is  hard  to  design 
something  that  will.  I  have  seen  the  one  referred  to.  and  a  great 
many  others ;  some  operate  by  electricity,  some  bv  induction,  some 
by  intermittent  contact.  Our  friends,  the  inventors,  have  tried 
almost  every  way  to  accomplish  the  result,  and  I  think  it  will  yet 
be  foiuid.  There  is  a  field  for  it.  although  its  general  use  is 
debatable.  It  is  very  easy  to  say  that  an  automatic  stop  should 
have  been  installed  at  a  certain  place  after  an  accident  has  hap- 
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pened.  and  if  it  had  been  installed  cvui  i^'orkiiii^,  it  nii^ht  have 
saved  that  partieular  aceident,  but  there  are  a  i^ood  many  require- 
ments whicli  i)lace  a  hardship  upon  the  designer  of  the  apparatus. 
It  must  work  when  it  is  needed,  it  must  not  stop  a  train  when  it 
shouldn't,  it  probalily  will  be  needed  only  once  in  a  very  long 
time,  and  it  must  be  practically  infallible.  If  a  device  which  is 
installed  to  stop  a  train  should  do  so  a  few  times  v/hen  it  was 
not  necessary  to  stop,  it  would  soon  have  a  very  bad  reputation; 
whi'e  I  think  thev  are  coming.  1  think  it  will  be  when  we  are 
verv  much  older.  They  will  be  installed  in  locations  of  very 
dense  traffic  when  the  proper  design  is  brought  out. 

Mr.  E.  p.  Roberts:— 

Concerning  the  remark  a  moment  or  two  ago  about  the  loca- 
tion of  the  arms,  relative  to  the  track,  a  great  many  of  the  sys- 
tems put  in  now  for  intertu'ban  railroads  are  "light"  systems,  and 
when  the  traveler  can  see  the  lights  he  has  an  inward  feeling 
of  safety. 

j\1r.  Dkxxev  : — 

The  light  signals  can  be  used  econduiicallv  on  the  electric 
line.  I  believe  the  longest  range  (in  daylight)  light  signal  which 
has  been  secured  is  about   1,500  feet. 

Mr.  Moffat  : — - 

1  want  to  mention  "This  ^^^^rld"  signal  which,  I  believe,  is 
made  to  show  against  a  white  background.  I  would  like  to  know 
if  that  is  coming  into  general  use,  or  if  not,  if  there  is  a  convic- 
tion it  is  not  satisfactory. 

]\Ir.  Dexxey: — 

I  think  the  signal  has  been  improperly  named.  It  should  be 
called  "Xext  World"  signal.  (Laughter.)  I  don't  think  it  will 
come   into   use. 

Mr.  Snider  : — 

There  has  been  so  much  diversity  of  opinion  among  the  inter- 
urbans  abotit  signals,  and  the  lack  of  fitnds  to  install  them,  that 
I  do  not  believe  I  am  prepared  to  give  you  any  information  along 
this  line.  There  is,  however,  a  train  dispatcher  signal  being 
worked  otit  which  seems  to  have  some  merit.  It  is  operated  by 
the  dispatcher  and  calls  the  attention  of  the  motorman  to  a  signal 
in  his  cab,  or  car,  at  every  switch.  I  know  of  seventeen  miles 
which  is  being  installed  now  out  of  Indianapolis,  and  it  would 
seem  to  be  the  nearest  thing  to  a  practical  interurban  signal 
system. 

•Mr.  Ray:— 

I  would  like  to  hear  something  respecting  the  train  order 
signal  induction  in  connection  with  interlocking.  You  know  on 
roads  where  the  train  has  to  proceed,  where  there  is  no  block 
system  at  interlocking  points,  we  have  considerable  variation  in 
the  manner  in  which  the  train  order  signals  have  to  be  given. 
Has  that  been  considered?      Or  is  there  anything  worked  out? 
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]Mr.   Dexxev: — 

Yes.  the  cnly  road  1  kmnv  of.  which  _yives  a  (Hstinct  iiiilicatioii 
of  orders  at  interlocking  is  the  Pittsburgh  &  Lake  Erie.  They 
place  a  left-hand  upper  quadrant  arm  on  a  line  with  the  operating 
arm  of  the  interlocking  signal. 

I  think  you  will  understand  that  one  of  the  best  things  we  can 
do  in  designing  a  signal  system  is  to  reduce  the  number  of  lights, 
or  number  of  combinations.  A  man  running  at  eighty  miles  an 
hour  dees  not  have  much  time  to  think  whether  he  has  all  the 
lights  or  net.      He  should  have  to  pick  up  only  one  set  of  lights. 
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Safety  as  Applied  to  Engineering 

Bv  C.  EuGEXE  Petti  HONE. 

Before  mferip.ij;  into  the  subject  of  the 
evening,  I  desire  to  acknoivledo^c  a  debt  of 
gratitude  to  the  American  Steel  &  Wire 
Co.,  to  tvlwm  I  am  obligated  for  most  of 
the  pictures  that  i^nll  be  shown  this  evening. 

It  is  impossible  to  determine  definitely,  or  even  approximately, 
the  number  of  men  injured  yearly  in  the  United  States.  In  but 
few  states  is  an  adequate  attempt  made  to  compile  statistics,  and 
these  vary  so  widely  in  their  scope  that  their  comparison  for  the 
purpose  of  obtaining  useful  data,  is  both  useless  and  misleading-. 
Using  the  ratios  published  in  1908  by  the  United  States  Bureau 
of  Labor,  there  were  approximately  40,000  fatal  accidents  last 
year.  Conservative  estimators  have  used  500,000  as  the  number 
of  non-fatal  accidents.  From  a  purely  commercial  point  of  view, 
this  means  that  we  are  yearly  destroying  40.000  of  our  productive 
units,  and  forcing  40,000  more  to  be  non-productive.  To  even 
approximate  the  yearly  financial  loss,  we  must  add  $8,000,000 
paid  in  liability  insurance,  60  per  cent  of  the  cost  of  our  judicial 
system,  which  in  New  York  State  alone  means  $3,600,000  a  year, 
together  with  over  20  per  cent  of  the  cost  of  our  charitable  institu- 
tions, hospitals  and  orphan  asylums.  Of  this  enormous  waste, 
borne  not  only  by  the  industries,  but  by  the  community  in  general, 
50  per  cent  is  preventable. 

The  greatest  problems  today  before  the  engineering  profes- 
sion, in  all  of  its  many  phases  of  work,  are  higher  efficiency  and 
reduction  of  ivaste.  From  these  few  facts,  I  believe  you  will 
agree  with  me  that  accident  prevention  is  indeed  a  problem  worthy 
of  your  consideration  and  the  best  engineering  skill  and  ingenuity. 

It  is  my  purpose  this  evening  to  endeavor  to  present  to  you 
a  few  of  the  developments  of  what  is  popularly  known  as  safety 
zcork,  which,  I  think,  will  be  of  general  interest  to  engineers.  In 
treating  the  problem,  I  have  divided  it  roughly  into  three  divi- 
sions, viz. : — 

(1) — Machinery    (installation  and  design). 
(2) — Power  Equipment. 
(3) — Construction. 

Machinery 

This  is  a  very  prolific  source  of  accidents,  most  of  which  may 
be  classified  under  the  following  dangerous  mechanical  elements, 
which  are  found  on  machinery  and  its  appliances: — 

(1) — All  engaging  gears,  rolls  and  drums. 
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(2) — Shaftin!^-  and  si)iinlles  and  all  C()U])linf^s  or  projections 
thereon,  or  upon  reei])rocatino-  or  revolving-  parts  of  niacliines. 

(3)  —  Uelts,  bands  and  driving  chains. 

(4) — The  spaces  between  fixed  and  moving  parts  of  any  ma- 
chine, or  between  the  latter  and  structures  near  it.  leaving  insuf- 
ficient working-  clearance. 

(5) — Flywheels  and  balance  wheels. 

(6) — Counterweights  and  other  suspensions. 

It  has  been  estimated  that  projecting  set  screws  yearly  cause 
1,500  accidents.  In  every  case  they  should  be  eliminated  or 
guarded.  Shaft  couplings  should  have  perfectly  smooth  surfaces, 
and  where  face  couplings  are  used  the  flanges  ought  to  project 
sufficiently  to  cover  the  bolt  heads  and  nuts. 

It  is,  however,  not  necessarv  for  a  shaft  to  have  projection 
to  be  dangerous.  Men  are  constantly  being  wound  around  per- 
fectly smooth  shafts.  A  little  pressure  against  the  shaft  produces 
enough  friction  to  give  the  corner  of  a  coat  or  jumper  one  lap 
aroimd  the  shaft  and  the  man  is  helplessly  entangled  and  becomes 
a  human  pin  wheel.  It  is,  of  course,  impossible  to  cover  all  shaft- 
ing and  pulleys,  but  they  should  be  guarded  whenever  men  are 
required  to  work  around  them  while  thev  are  in  motion.  The 
growing  tendency  toward  individual  motor  drives  will  largely 
eliminate  this  hazard. 

A  few  years  ago.  it  was  the  prevailing  attitude  that  only 
gears  which  were  in  close  proximity  to  workmen  were  dangerous, 
and  even  then  it  was  onlv  considered  necessarv  to  protect  the 
point  of  mesh  on  the  side  where  they  "run  in". 

One  needs  but  to  follow  up  the  accidents  in  any  large  plant 
to  become  convinced  that  all  gears  are  dangerous,  regardless  of 
their  location.  We  have  also  learned,  through  sad  experience, 
that  no  gear  is  properly  guarded  unless  it  is  completely  enclosed. 
This  type  of  protection  can  best  be  taken  care  of  in  the  original 
design,  and  machine  tool  makers  are  ra]M(lly  meeting  these  require- 
ments. 

To  kccf^  a  machine  guarded  is  frequently  more  difficult  than 
to  install  guards.  ( iuards  are  taken  oiT  while  repairs  or  changes 
are  made  and  the  machine  operated  without  their  being  replaced. 
xA.ll  too  often  we  enter  a  mill  and  find  a  machine  running  entirely 
unprotected,  while  the  guard  rests  in  some  out-of-the-way  corner. 
In  New  York  State,  there  is  a  law  which  makes  it  an  ofl^ense, 
punishable  by  imprisonment,  to  operate  a  machine  without  re- 
placing guards  after  they  have  been  removed.  As  engineers,  we 
endeavor  to  accomplish  the  same  result  in  the  design  of  guards.' 
A  very  common  form  of  guard  for  the  end  gears  of  a  lathe  is  a 
metal  box  open  on  one  side,  which  sets  on  the  floor.  These,  how- 
ever, are  frequently  set  ofi^  and  the  machine  run  unguarded.  To 
overcome  this  difficulty,  a  rather  unique  guard  has  been  designed. 
It  consists  of  a  sheet  metal  cabinet  built  onto  the  end  of  the  lathe. 
The  front,  one  side  and  top  are  hinged  and  can  be  thrown  open 
to  give  access  to  the  gearing.  The  sides,  when  open,  block  the 
passageway  to  such  an"  extent  that  it  ]irecludes  the  possibility  of 
their  being  left  open  when  not  in  use.      It  also  serves  as  a  storage 
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place  for  the  change  gears.     It  furnishes  complete  protection,  dees 
not  hamper  operation,  and  is  neat  in  appearance. 

So   far   as   possible,   we  endeavor  to   make   guards   automatic. 
If   it  is  necessary  for  the  operator  to  adjust   a  guard,  lie   i^  verv 


1 AUTdMATIC     lOIXTIiR    CUAKD 


liable  to  allow  it  to  remain  in  an  inoperative  position,  especially 
if  he  has  but  little  work  to  perform  on  the  machine.  Jointers, 
circular  saws  and  most  woodworking  machincrv  can  be  Cfjuippecl 
with  automatic  guards. 

Fig.   1  shows  a  jointer  guard  that  covers  all  exposed  surfaces 
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of    the    re\(ilvinL;-    knives    and    reciitires    no    adjuslinjj;',    Ijeini;-    com- 
pletely automatic. 

jointers   may   also  be   e(|uipped   with   a   safety  cylinder,   which 
fills  in  all  hut  the  ])ortion  of  the  revolvino-  cutter  necessary  to  make 


FIG.    2 AMKRRAX     FENCE     MACHINE,     UXOUAKDED 

the  cut.  This  limits  the  extent  of  injury,  which  would  be  re- 
ceived in  event  the  operator's  hand  comes  into  contact  with  the 
cutter.  Without  the  safety  cylinder  the  first  cut  would  probably 
cut  off  half  of  the  fin^^er,  while  with  it  only  a  thin  slice  would  be 
removed  from  the  tip. 
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The  most  difificnlt  problems  in  machine  protection  are  those 
encountered  in  guarding  special  machines.  Xot  to  decrease  pro- 
duction nor  hamper  operation  in  guarding  machinery  are  very 
important  features  which  merit  careful  study. 

Xo  guard  or  safety  device  which  ultimately  limits  production 
can  be  considered  entirely  satisfactory.  Even  with  this  in  mind, 
and  giving  full  consideration  to  the  many  complicated  conditions 
and  operations  which  will  be  encountered,  I  believe  that  there 
does  not  exist  a  piece  of  machinery  which  cannot  be  well  protected 
if  we  devote  to  it  our  careful  consideration,  ingenuity  and  engi- 
neering skill.     Safety  and  efficiency  should  co-operate — not  oppose. 

Judgment  as  to  the  limitation  of  production  should  not  be  too 
hasty.  Any  change  in  method  of  operation  or  construction  usual- 
ly meets  with  temporary  opposition  from  the  operator,  and  always 
requires  a  period  of  time  for  adjustment  to  new  conditions.  This 
was  exemplified  in  a  block  stop,  installed  in  the  wire  drawing 
department  of  the  American  Steel  &  Wire  Co.  When  first  in- 
stalled, the  opposition  was  so  strong  that  it  was  necessary  to  dis- 
charge a  number  of  men  who  persisted  in  not  using  the  stops, 
even  though  their  use  required  practically  no  additional  work. 
Today,  the  wire  drawers  would  resent  their  removal.  They  have 
increased  the  production,  and  consequently  the  men's  earning 
capacity  and  eliminated  a  class  of  very  numerous  accidents. 

We  will  consider  one  case  of  guarding  special  machinery. 
Fig.  2  shows  a  machine  for  making  wire  fence,  used  by  the  Amer- 
ican Steel  &  Wire  Co.  There  are  a  large  number  of  exposed 
gears  at  the  top  of  the  machine.  The  gears  are  located  about  7  to 
8  feet  from  the  floor,  and  on  no  occasion  is  it  necessary  to  work 
on  or  about  them  while  the  machine  is  in  motion.  Mill  super- 
intendents and  safety  committees  considered  these  gears  "not 
dangerous" ;  nevertheless,  within  a  few  weeks  two  men  at  dif- 
ferent plants  had  their  hands  crushed  in  them.  The  problem  of 
protecting  this  machine  is  typical  of  the  problems  which  are  en- 
countered in  designing  guards  for  special  machines.  To  make 
adjustment  for  difl:'erent  sizes  of  fence  requires  the  changing  of 
some  of  the  top  gears.  The  guard  to  be  designed  must,  there- 
fore, allow  ready  access  to  the  gears.  The  gear  changes  are  made 
from  a  portable  step-ladder. 

Fig.  3  shows  how  these  conditions  were  met.  The  top  gear 
guards  are  made  in  removable  sections,  thus  furnishing  easy 
access  to  the  gears.  A  substantial  platform  has  been  erected, 
which  provides  a  convenient  place  to  work  upon,  and  eliminates 
the  danger  of  falling,  which  existed  in  the  use  of  a  ladder.  The 
heavy  wire  mesh,  of  which  the  floor  of  the  platform  and  gear 
covers  are  made,  obstructs  neither  the  operator's  view  of  the 
working  parts  of  the  machine,  nor  the  light  upon  his  work.  In 
front,  and  also  at  the  side  directly  over  the  man's  head  are  gears 
enclosed  in  sheet  metal  guards.  Almost  in  front  of  the  man  is  a 
bar  grating,  enclosing  vibrating  rolls.  The  grating  prevents  a 
hand,  foot  or  head  from  being  crushed  between  the  rolls.  The 
toe  boards  in  front  guard  the  projections  on  the  roll.  To  the 
right  and  rear  of  the  operator  is  a  sheet  metal  door  which  covers 
a  row  of  projecting  adjusting  set  screws,   which,  although   in  the 
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center  of  tlie  machine,  it  was  advisable  to  "'nard.  At  the  rear  of 
the  machine  are  the  reels,  from  which  the  wire  is  fed.  A  cable 
runs  the  entire  length  on  both  sides  of  the  reels,  and  is  attached 
to  the  l>elt  shifter.  In  case  of  emergency,  the  reel  man  can  stop 
the  machine  by  a  pnll  on  the  cable,  but  he  is  unable  to  start  it. 


FIG.  o — a_aii-:ric\x   fexce   machixe,  guarded 

The  starting-  of  a  machine,  due  to  the  creeping  of  the  belt 
from  the  loose  to  the  tight  pulley  is  a  frequent  cause  of  accidents. 
This  machine  is  equipped  with  a  shifter  that  makes  it  impossible 
for  the  belt  to  creep.      The  prongs  that  guide  the  belt   are  given 
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their  lateral  motion  by  a  crank,  which  is  on  "dead  center"  when 
the  belt  is  on  either  the  ti,2:ht  or  loose  pulley.  The  crank  is  re- 
volved by  the  operator  to  shift  the  belt.  Variations  of  this  shifter 
may  be  applied  to  most  machines.  This  I  consider  a  perfectly 
guarded  machine,  and  in  guarding-  operation  has  been  aided,  not 
impaired. 

Pozvcr  Equipment 

The  dangers  incidental  to  the  operation  of  boilers  have  been 
so  generally  recognized  that  their  construction  and  operation  has 
been  proscribed  by  law,  which,  together  with  numerous  publica- 
tions by  boiler  insurance  companies,  and  others,  make 
BOILERS  their  extensive  consideration  here  unnecessary.  Un- 
doubtedly, the  best  protection  is  the  periodic  inspection 
by  competent  inspectors.  To  prevent  explosion,  I  should  consider 
the  use  of  non-return  valves  second  only  to  safety  valves.  The 
non-return  valve  is  placed  in  the  header  of  each  boiler,  and  is  so 
constructed  that  it  will  automatically  close  when  there  is  a  dif- 
ference in  pressure  of  from  three  to  five  pounds  around  the  valve. 
In  event  of  the  breaking  of  tube  in  one  boiler,  the  valve  prevents 
the  rushing  of  the  steam  from  the  rest  of  the  battery  into  the 
boiler,  and  also  precludes  the  possibility  of  putting  a  boiler  on 
the  line  before  it  is  up  to  pressure. 

Xext  to  explosions,  the  most  serious  accidents  are  caused  by 
the  turning  of  feed  water  or  steam  into  a  boiler  while  men  are 
within,  making  repairs.  Such  accidents  can  best  be  prevented  by 
the  locking  of  the  valves,  allowing  the  man  within  the  boiler  to 
keep  the  key.  iVccidents  have  occurred  w^iere  a  defective  valve 
has  allowed  the  steam  to  enter  the  boiler  and  scald  the  men  work- 
ing inside.  Some  companies  require  two  halves  on  these  connec- 
tions to  overcome  this  possibility. 

It  is  essential  that  all  valves  above  boiler  should  be  readily 
accessible.  Injuries  from  steam  or  flying  glass  frequently  occur 
with  the  breaking  of  a  gauge  glass.  A  simple,  but  effective  gauge 
glass  guard  may  be  made  of  a  semi-cylindrical  piece  of  sheet 
metal,  arranged  so  that  it  may  be  turned  either  to  front  or  rear 
of  the  glass.  Xormally  the  guard  remains  at  the  rear  of  the  glass. 
When  a  new  glass  is  warmed  up,  the  guard  is  turned  to  the  front 
to  protect  the  operator.  The  valves  above  and  below  the  glass 
should  be  quick-acting  valves,  which  can  be  opened  or  closed  by 
a  single  pull  of  the  chain,  making  it  unnecessary  to  climb  into 
escaping  steam  to  shut  off  the  column  when  the  glass  breaks. 

Statistics  show  that  accidents  from  the  bursting  of  flywheels 
yearly  exceed  by  30  per  cent  the  accidents  from  boiler  explosions. 
The  safeguarding  of  large  engines  is,  therefore,  an  important  con- 
sideration. The  Corliss  type  of  valve  gear  and  gov- 
EXGixES  ernor  is  often  so  constructed  that  when  the  engine 
slows  down  a  certain  number  of  revolutions  below  nor- 
mal speed,  the  governor  comes  down  to  a  point  where  the  safety 
cams  prevent  the  valves  from  hooking  up,  thus  cutting  off  the 
steam  and  stalling  the  engine.  This  method  of  construction  is 
followed,  in  order  to  protect  the  engine  in  case  of  an  accident  to 
any  of  the  driving  parts  of  the  governor.     It  is  evident  that  when 
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stopping-  the  engine,  it  is  necessary  to  prevent  the  governor  from 
falling  below  the  position  of  longest  cut-ofif,  that  is.  the  point  at 
which  the  safetv  cams  become  operative,  in  order  that  the  engine 
may  again  be  started  without  adjusting  the  valve  motion.  To 
accomplish  this,  a  collar  is  turned  vmder  the  governor.  Upon 
starting  the  engine,  this  collar  should  be  turned  out.  If,  in  the 
abstraction  of  his  many  duties,  the  engineer  neglects  to  turn  out 
the  collar,  an  accident  to  the  governor  driving  mechanism  will 
allow  the  governor  to  fall  to  the  point  of  longest  cut-olT,  causing 
the  engine  to  speed  up  and  possibly  be  wrecked.  Even  engineers' 
memories  are  not  infallible,  so  we  have  arranged  a  counter- 
weighted  bracket  to  take  the  place  of  the  collar.  The  bracket 
can  be  held  in  place  by  a  cord  running  to  the  throttle,  but  will 
immediately  fall  out  of  position  when  relieved  of  the  weight  of 
the  governor.      (A,  Fig.  4.) 

There  are  conditions  when  the  failure  to  turn  the  collar  to 
the  safe  position  is  not  due  to  the  forgetfulness  of  the  engineer. 
In  a  great  many  cases  Corliss  engines  are  working,  intermittently, 
under  conditions  of  heavy  load,  where  the  load  will  cause  the 
engine  to  slow  down  to  the  point  where  the  safety  cams  will  cut 
off  the  steam.  Under  these  conditions  the  onlv  means  to  prevent 
the  engine  from  stalling  is  to  operate  it  with  the  ordinary  safety 
stop  in  position  under  the  governor. 

To  meet  this  condition  a  device  has  been  arranged  to  counter- 
balance the  governor  at  the  point  of  longest  cut-off,  so  that  the 
governor  will  practically  have  to  cease  to  revolve  before  the 
counterbalance  will  be  tripped  and  the  steam  shut  off.  A  weight 
on  a  counterbalance  lever  can  be  so  adjusted  that  the  steam  will 
cut  off  at  any  desired  speed.  The  sensitiveness  of  the  governor 
is  not  impaired,  for  the  device  only  touches  it  at  the  point  of 
longest  cut-off.  The  function  of  the  device  is  simply  to  support 
the  governor  at  this  point  until  the  engine  slows  down  a  pre- 
determined number  of  revolutions,  when  the  weight  of  the  gov- 
ernor will  trip  the  counterbalance  and  shut  off  the  steam.  In 
case  of  an  accident  to  the  governor  driving  apparatus  the  gov- 
ernor will  slow  down  and  its  weight  will  trip  the  counterbalance. 

B,  Fig.  4,  is  an  automatic  engine  stop ;  an  arrangement,  by 
means  of  which  the  throttle  may  be  closed  from  push-luittons 
located  at  intervals  throughout  the  mill  and  in  various  places  in 
the  engine  room  (C,  Fig.  4).  The  falling  of  a  weight,  electro- 
magnetically  released,  furnishes  the  power  to  operate  the  throttle. 
The  current  for  the  push-button  circuit  is  supplied  from  one  of 
two  sets  of  storage  batteries,  which  are  alternately  charged  and 
put  on  the  circuit.  A  daily  test  is  made  of  each  button  to  insure 
its  reliable  operation.  Each  button  is  marked  bv  a  blue  light  and 
sign  reading  "Engine  Stop.     In  Case  of  Emergency  Push  r>utton". 

A  speed  limit  stop,  driven  from  the  gox'crnor  shaft,  operates 
the  automatic  stop  when  the  flywheel  reaches  a  prohibitive  speed. 
An  additional  means  of  shutting  down  the  engine,  independent  of 
the  engine  mechanism,  is  furnished  by  a  butterfly  valve  in  the 
steam  line,  operated  by  several  suspended  cords  in  the  engine 
room.  I  fK  I-"ig.  4. )  ( luards  around  the  governor  balls  to  protect 
the  oilers  from  being  struck  by  the  revolving  balls,  and  guards  in 
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front  of  the  j^ovenior  drive  and  belt  drive,  are  also  shown  in 
IM-.  4.  " 

A  conditicin  parallel  to  the  over-speeding  of  an  engine  and 
the  resultant  bursting  of  the  flywheel  mentioned  above  is  possible 
in  certain  types  of  motors.  If  through  some  accident  the  shunt 
field  circuit  of  a  shunt  or  compound  wound  motor  is 
MOTORS  opened  and  the  motor  is  not  instantly  disconnected  from 
the  line,  the  motor  will  attain  a  dangerous  peripheral 
speed,  wdiich  will  burst  the  armature.  Particularly  is  this  true  of 
a  compound  wound  motor  driving  a  light  load.  Recently  the 
Electric  Controller  &  Mfg.  Co.  put  on  the  market  a  balanced 
protective  relay,  to  eliminate  this  danger.  The  windings  of  the 
relay  are  connected  in  series  with  the  shunt  field  and  the  contact 
in  series  with  the  windings  of  a  magnetic  switch  in  the  motor 
circuit.  The  so-called  "gravity  dash-pot"  balances  momentary 
fluctuations  in  the  shunt  field  circuit,  but  immediately  opens  the 
main  line  magnetic  switch  upon  failure  of  the  field  circuit. 

The  problem  of  stopping  the  prime  mover  from  a  distance 
is  more  easily  accomplished  when  the  prime  mover  is  a  motor 
than  when  it  is  an  engine.  There  are  on  the  market  today  auto- 
matic starters  which  make  it  possible  to  both  start  and  stop  motors 
bv  the  use  of  push-buttons.  Where  automatic  starters  are  not  in 
use,  push-button  motor  stops  may  be  installed  in  anv  of  the  fol- 
lowing   ways  : — 

( 1  ) — Pull  out  the  main  line  switch  by  means  of   a  cable. 

(2) — A  solenoid  or  magnetic  switch  in  the  main  circuit  which 
is  kept  "in"  by  a  series  of  closed  circuit  push-buttons,  and  so  ar- 
ranged that  the  closing  of  the  solenoid  switch  must  be  done  by 
hand,  thus  preventing  the  motor  from  being  started  from  the 
stopping  point. 

(3) — A  circuit  breaker  in  the  main  line,  equipped  with  a  "no 
voltage  release"  coil,  the  circuit  of  which  is  completed  through 
a  series  of  closed  circuit  push-buttons,  or  switches. 

(4) — A  system  of  closed  circuit  push-buttons,  or  switches,  in 
series  with  the  magnet  which  retains  the  starting  lever  when  the 
motor  is  running,  and  in  this  case,  breaking  of  the  circuit  by 
means  of  one  of  the  buttons  releases  the  starting  lever  and  stops 
the  motor.  When  using  this  arrangement  care  must  be  taken  to 
see  that  the  spring  operating  the  starting  lever  is  strong  enough 
to  throw  it  to  the  "ofif"  position — otherwise  the  stop  will  be 
inefl^ective. 

Electrical  engineers  have  probably  given  more  consideration 
to  safety  than  any  other  class  of  engineers.  Several  of  the  recent 
meetings  of  the  Association  of  Iron  and  Steel  Electrical  Engi- 
neers have  been  devoted  almost  entirely  to  safety,  with  very 
gratifying  results. 

The  Carnegie  Steel  Co.  has  recently  published  a  hand  book 
entitled  "Rules  and  Regulations  for  the  Installation  of  Electric 
Wiring  and  Apparatus",  to  which  the  various  companies  compris- 
ing the  United  States  Steel  Corporation  contributed.  Their  en- 
gineers, entering  upon  the  subject  endowed  with  his  wide  prac- 
tical and  theoretical  knowledge,  have  given  the  subject  such  care- 
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ful  studv  that  we  are  hardly  justified  in  treatin-  it  here  tonight. 
The  Association  of  Iron  and  Steel  Electrical  Enguieers  placed 
the  division  between  high  and  low  voltage,  when  applied  to  mill 
work,  at  275  volts,  which  means  that  all  equipment  carrying  volt- 
ao-es  of  275  or  over  will  receive  special  protection. 
"  \mon^  the  first  apparatus  to  receive  attention  were  high  volt- 
age switchboards.  All  apparatus  requiring  periodic  inspection  is 
removed  from  behind  the  board,  and  the  space  enclosed  by  wire 
mesh  fence  and  a  locked  gate.     Under  these  conditions  it  is  only 
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necessary  for  tlic  electrician  to  enter  the  enclosure  in  case  of 
"trouble",  in  which  case  he  must  go  accompanied.  All  transform- 
er rooms,  lig-htning-  arresters,  etc.,  are  guarded  and  locked  against 
persons  whose  duty  does  not  require  them  to  enter. 

Cojistntction 

No  accident  list  is  complete  without  a  generous  contribution 
from  ladders,  although  to  the  casual  observer  they  may  appear 
like  the  most  simple  and  harmless  piece  of  equipment  imaginable. 
German  statistics  attribute  20  per  cent  of  all  industrial 
LADDERS  accidents  to  falls  from  ladders,  nor  is  this  surprising 
when  we  consider  that  the  breaking  of  a  worn  or  de- 
fective part,  the  slipping  of  a  hand  or  foot  from  a  rung,  or  a 
little  dizziness  mav  in  manv  cases  mean  a  fall  of  50  or  even 
100  feet. 

It  is  possible  in  many  cases  to  replace  a  ladder  with  a  stair- 
waw  which  workmen  can  ascend  and  descend  without  risk,  even 
when  carrying  tools  or  repair  parts.  Frequently  lack  of  sufficient 
space  and  mechanical  considerations  preclude  the  substitution  of 
a  stairway  and  the  vertical  ladder  seems  to  furnish  the  only  pos- 
sible  solution. 

To  meet  this  condition,  a  safetv  cage  has  been  designed.  (  Fi^^. 
6.)  The  cage  consists  of  five  parallel  bars  (^xlj^  inches),  held  in 
position  hv  circular  bands  (  ^x2  inches),  making  in  effect  a  tul)e. 
T\ilh  an  internal  diameter  of  27  inches,  inside  of  which  the  work- 
uian  climbs.  It  would  almost  be  possible  for  an  armless  man  to 
go  up  and  down  such  a  ladder,  using  only  his  feet  on  the  rungs. 
The  cage  is  particularly  advantageous  at  blast  furnaces,  where 
Ihc  presence  of  gas  affords  an  added  increment  of  danger.  The 
ore  unloaders  on  the  Ekiffalo  dock  of  Pickands,  Mather  &  Co..  are 
equipi)cd  with  caged  ladders ;  there  severe  weather  conditions 
make  the  cage  greatly  appreciated  by  the  men. 

\\'hen  you  have  designed  your  building  and  determined  the 
location  of  the  cranes  and  windows,  stop  and  consider  how  the 
crane  operator  is  going  to  reach  his  cab,  and  on  what  the  men  are 
going  to  stand  when  they  clean  the  windows.  Do  not  expect  them 
to  climb  a  latticed  column  and  walk  the  crane  runway  track — 
give  them  a  stairway  and  a  walk. 

In  modern  practice  a  walk  is  installed,  running  the  entire 
length  of  the  crane  runway,  from  which  one  can  step  onto  the 
walk  along  the  crane  bridge  girder,  making  it  possible  to  get  to 
the  crane  in  any  position  on  the  runway.  (A  typical  design  is 
shown  in  the  United  States  Steel  Corporation  Committee  of  Safety 
Bulletin  No.  2.) 

In  a  study  of  industrial  accidents  in  the  Pittsburgh  district 
during  the  year  of  July,  1906,  to  July,  1907,  Miss  Eastman,  writ- 
ing for  the  Pittsburgh  Survey,  found  that  of  the  195  fatalities  in 
the  steel  industry,  42  or  21.5  per  cent  were  caused  by 
CRANES  cranes.  In  the  case  of  one  company,  cranes  were  re- 
sponsible for  50  per  cent  of  their  fatalities.  Probably 
no  single  type  of  equipment  has  experienced  so  manv  changes  in 
design  to  comply  with  safety  requirements  as  have  cranes  in  the 
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last  five  years.  Let  us  consider  what  we  have  done  to  eliminate 
the  crane  accidents,  as  described  by  ISIiss  Eastman.  Of  the  42 
fatalities,  21.4  per  cent  were  due  to  being  "run  over  or  knocked 
off  by  unexpected  movement  of  crane"".  We  have  furnished  the 
men  a  walk  to  reach  the  crane,  as  just  described,  thus  eliminating 
the  necessity  of  their  walking  the  track.  In  addition  a  walk  is 
installed  the  entire  length  of  the  crane  girder  on  one  or  both  sides, 
and  where  construction  makes  it  advisable,  a  walk  is  placed  on 
the  trollev  for  use  in  oiling,  repairing  and  examining  cables.  A 
plate  guard  is  installed  in  front  of  the  traction  wheels,  which  will 
brush  a  hand  or  foot  off  the  rail. 

Of  the  fatalities,  9.5  per  cent  were  due  to  "parts  of  crane 
gearing  that  fell"'.  All  gears  are  completelv  enclosed  in  cases 
strong  enough  to  retain  the  gear  if  it  should  work  loose.  All 
brake  shoes  and  other  parts,  which  might  work  loose  and  fall,  are 
provided  with  means  for  retaining  them.  Some  companies  even 
attach  every  nut  with  a  chain. 

Of  the  fatalities,  9.5  per  cent  were  due  to  "breaking  of  chains'". 
The  condition  of  a  chain  is  always  an  uncertain  quantity.  A  link 
mav  be  badly  crystallized,  yet  on  the  surface  show  no  indication 
of  its  weakened  condition.  Chains  have  largely  been  replaced  by 
wire  cable.  With  at  least  weekly  inspection  of  the  cables  this 
class  of  accidents  may  be  entirely  eliminated. 

Frequently  accidents  occur  by  the  falling  of  a  load,  due  to  the 
failure  of  the  brakes  to  hold.  When  it  is  considered  that  the 
energy  of  a  lowering  load  absorbed  by  a  brake  in  the  form  of 
heat,  is  equivalent  to  approximately  60  per  cent  of  the  work  done 
by  the  motor  in  hoisting  the  load,  one  can  readily  see  the  reason 
why  brakes  soon  become  inefficient  where  heavv  loads  are  con- 
stantly being  moved.  To  overcome  this,  what  is  known  as 
"dynamic  braking""  may  be  installed.  With  dynamic  braking 
brakes  are  not  used  in  the  lowering  of  a  load,  the  work  being 
done  entirely  by  the  motor.  A  solenoid  brake  is  used  to  hold 
the  load,  but  is  not  in  operation  during  the  lowering.  When  the 
controller  is  brought  to  the  lowering  position,  both  the  armature 
and  field  windings  of  the  motor  remain  connected  to  the  line  re- 
gardless of  the  load.  Under  conditions  of  light  hook,  both  field 
and  armature  take  current  from  the  line.  When  the  load  is 
heavy  enough  to  overhaul  the  hoisting  mechanism,  the  field  will 
continue  to  take  power  from  the  line,  and  the  armature  will 
promptly  begin  to  return  power  to  the  line.  The  current  gener- 
ated by  the  armature  is  not  dissipated  in  resistance,  but  is  actually 
delivered  to  the  line.  Excessive  heating  does  not  take  place  in  the 
armature,  as  experimental  tests  have  shown  that  with  a  load 
requiring  a  mean  hoisting  current  of  125  amperes,  a  mean  lower- 
ing current  of  85  amperes  is  returned  to  the  line  bv  the  armature, 
the  time  of  lowering  being  40  per  cent  of  the  time  of  hoisting. 
Under  these  conditions  the  heating  of  the  armature  in  lowering 
is  approximately  15.5  per  cent  of  that  during  hoisting. 

When  men  are  working  on  or  about  machinery,  it  is  essential 
that  they  be  absolutely  protected  against  the  possibilitv  of  some- 
one thoughtlessly  turning  on  the  power.  To  accomplish  this,  a 
sign  reading  "Do  Xot  Turn  This  \'alve"  or  "Do  Xot  Throw  This 
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Switch"  is  kc])t  in  a  ccmvenicnt  ]:)kice  for  tlu'  rcpainiien  to  attach 
to  the  starting  valve  or  switch.  More  positive  than  this  is  the 
use  of  a  lock."  Tliis  Ivpc  of  ]:)rotection  is  ])articiikirly  advantageous 
on  cranes.  To  make  i)rotcction  more  coni])Ictc,  we  are  inserting 
the  foUowing  paragraph  in  our  crane  specilications  : 

"Switchboard  and  its  equipment  to  be  enclosed  in 
asbestos-lined,  steel  cabinet,  with  swinging  door  arranged 
so  it  can  be  locked.  In  addition  to  the  one  on  the  crane 
switchboard,  there  shall  be  a  main  line  switch,  mounted 
above  the  cage,  where  it  can  be  conveniently  reached  from 
foot  walk ;  this  switch  must  be  so  constructed  that  it  can 
be  locked  in  the  open  position.  An  individual  switch  shall 
be  located  on  each  motor,  for  use  of  inspectors,  etc.,  and 
be  so  arranged  that  it  will  throw  out  by  gravity.  All 
switches  mentioned  in  this  paragraph  shall  be  of  an  ap- 
proved enclosed  type." 


Discussion 


Mr.  Be\'er: — 

Members  of  the  Cleveland  Engineering  Society : — It  seems  to 
me  particularly  appropriate  that  engineering  societies,  and  engi- 
neers individually,  should  give  consideration  to  safety  problems, 
and  work  for  safety  improvements  for  two  principal  reasons. 
One  is  the  very  urgent  need  of  standardization,  and  the  other  is 
the  peculiarly  advantageous  position  that  engineers  occupy,  for 
applying  safety  measures  with  the  minimum  of  expense  and 
trouble. 

As  regards  the  need  of  standardization — at  present,  safety 
W'ork  is  in  a  formative  state.  It  is  just  being  developed,  it  has 
not  been  perfected  yet,  and  we  know  that  the  device  that  we  con- 
sider satisfactory  today  will  be  improved  upon  tomorrow.  The 
condition,  as  regards  the  manufacturer,  is  being  rendered  more 
acute  all  the  time  by  the  great  flood  of  legislation  that  is  coming 
up  all  over  the  country.  There  are  about  ten  or  twelve  states  that 
have  adopted  stringent  employers'  liability  acts — Ohio,  New  York, 
Michigan,  Wisconsin,  Illinois,  New  Jersey,  Massachusetts,  and  in 
almost  all  of  those  laws  the  employer  is  held  liable  for  practically 
all  accidents.  In  one  of  the  states  the  indemnity  is  doubled  if  all 
statutory  provisions  have  not  been  complied  with,  and  those 
statutory  provisions  are,  in  nearly  all  cases,  vague  and  indefinite. 

For  instance,  the  New  York  law  says,  "If  a  machine  or  any 
part  thereof  is  in  a  dangerous  condition,  or  is  not  properly  guard- 
ed, the  use  thereof  may  be  prohibited  by  the  commissioner  of 
labor,"  etc.  This  practically  holds  one  man  responsible  for  de- 
ciding whether  or  not  the  machinery  is  properly  guarded,  and  as 
even  an  engineer  miay  change  his  mind,  it  is  not  impossible  that 
a  factory  inspector  might  do  the  same  thing;  so  "properly  guard- 
ed" is  rather  indefinite,  to  say  the  least. 
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Tlie  Pennsylvania  laws  say,  "Whenever  possible,  belt  shifters 
shall  be  installed,"  that  "all  saws,  knives,  cogs,  shafting,  gearing, 
planers,  set  screws,"  etc.,  shall  be  properly  guarded ;  but  they 
don't  say  what  "properly  guarded"  means,  and  it  is  put  in  such 
a  vague  way  that  there  is  the  chance  for  endless  argument  as  to 
when  a  machine  is  "properly  guarded".  The  standard  is  exceed- 
ingly variable,  and  we  have  no  set  standards  even  in  respect  to 
gearing.  A  constant  flood  of  new  machinery  is  being  turned  out 
and  there  is  hardly  any  class  of  machinery  today  that  has  properly 
protected  gears.  It  is  often  found  after  it  is  received  in  a  manu- 
facturing plant,  that  it  is  impossible  to  guard  the  gearing,  when 
this  might  have  been  done  in  the  first  place,  without  difficulty,  and 
at  practically  no  expense. 

I  know  of  one  order  placed  recently,  and  notwithstanding  the 
fact  that  safety  specifications  were  made  a  part  of  the  contract, 
saying  that  all  gearing  should  be  entirely  enclosed  (and  the  words 
"entirely  enclosed"  were  put  in  italics  for  the  sake  of  emphasis), 
when  those  machines  were  received  in  the  mills,  about  thirty  out 
of  a  total  of  eighty  had  open  gearing;  on  taking  the  matter  up 
with  the  various  manufacturers,  thev  complied  with  the  require- 
ment by  furnishing  covers,  or  by  footing  the  bill  and  having  the 
covers  installed.  Now,  several  of  those  manufacturers,  when  the 
matter  was  taken  up  with  them,  would  insist  that  this  particular 
pair  of  gears  were  not  dangerous,  that  a  man  would  have  to  go 
up  and  actually  stick  his  hand  in  the  gears  before  he  could  be 
caught  in  them — but  you  and  I  know  that  just  that  sort  of  thing 
does  happen.  I  know  of  cases  where  men  have  been  caught  and 
they  could  not  explain  afterward  how  it  occurred.  They  said  they 
did  not  know  how  they  got  their  hands  in  the  gears. 

There  are  occasions  where  a  man  slips,  puts  out  his  hand  to 
regain  his  balance,  and  is  caught.  One  place  I  know  where  a 
pair  of  gears  was  located  between  two  machin.es ;  the  gears  were 
covered  over  the  top  so  that  you  would  think  they  were  entirely 
safe.  A  girl  dropped  her  glasses,  stooped  down  and  reached  in 
to  pick  them  up  and,  in  raising  her  head,  the  teeth  of  the  gears 
caught  her  hair  and  her  scalp  was  badly  lacerated. 

There  are  so  many  individual  cases  of  this  kind  which  might 
be  cited,  that  the  logical  conclusion  is — that  all  gearing  should  be 
entirely  enclosed. 

Now,  if  that  were  adopted  as  a  standard,  that  one  simple  pro- 
vision, for  all  new  machinery  that  was  turned  out,  and  the  manu- 
facturers were  made  to  comply  with  that  single  specification — it 
would  greatly  reduce  the  work  and  the  trouble  of  the  man  who  is 
trying  to  get  protected  machinery  in  the  mills,  and  would  do 
away  with  a  lot  of  accidents. 

As  regards  the  position  of  the  engineer  in  supplying  safe- 
guards— in  very  many  cases  it  is  possible  when  machinery  or 
installations  of  any  sort  are  being  put  in,  to  get  them  for  prac- 
tically nothing,  if  due  provision  is  made  by  the  designer;  whereas, 
after  the  machinery  has  been  installed,  it  is  almost  impossible  to 
get  them  at  any  expense.  I  know  of  one  mill,  where  conditions 
are  notably  unsafe,  and  yet  to  correct  those  conditions  would 
mean  practically  the  rebuilding  of  the  entire  mill.     That  condition 
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could  have  been  taken  care  of  at  relatively  sli.^ht  expense  at  the 
time  the  mill  was  being  designed,  but  now  it  would  mean  scrap- 
ping of  numerous  parts  and  a  great  deal  of  expense,  because 
inadequate  consideration  was  given  to  safety  at  the  time  the  mill 
was  built.  So  we  see  that,  as  regards  the  standardization  of  safe- 
guards, and  getting  safe  conditions  at  the  least  expense  of  time 
and  energy,  an  engineer  has  the  most  fortuitous  pt^sition  for 
bringing  about  these  conditions. 

Some  methods  have  been  adopted  by  the  American  Steel  & 
Wire  Co.,  as  w^ell  as  the  other  subsidiary  companies  of  the  United 
States  Steel  Corporation,  for  bringing  about  standardization  and 
for  installing  jiroper  safe-guards  at  the  time  the  machinery  is 
built. 

This  sign  is  about  3  feet  square  ( indicating  lantern  picture  on 
screen),  "Attention,  draftsmen — Take  the  necessary  time  and  see 
that  everv  drawing  you  make  fully  provides  for  the  safet)-  of  the 
employe." 

This  (indicating  lantern  picture  thrown  on  screen)  shows 
standard  title  plate  for  drawings  and  the  rules  for  its  use,  and 
vou  will  notice  under  Fig.  5  every  drawing  must  be  "checked 
for  safetv"  and  the  initial  of  the  person  who  makes  this  check 
must  be  shown. 

(Another  picture  thrown  on  screen.)  Then  certain  devices 
are  standardized.  We  have  a  large  number  of  drawings  of  this 
sort,  this  one  showing  an  arrangement  of  hoods  and  protective 
devices  for  emerv  wheels.  Those  three  different  types  of  hoods 
are  applicable  to  almost  any  kind  of  grinding  wheel.  Here  is  a 
plate  glass  guard  (indicating  on  picture)  that  is  installed  to 
protect  the  man's  eyes  from  flying  pieces ;  and  here  are  various 
rules  regarding  the  mounting  and  upkeep  of  grinders — for  in- 
stance, flanges  one-half  the  diameter  of  the  wheel,  with  cushion 
washers  underneath  (of  course,  every  emery  wheel  is  brittle  like 
glass  and  if  the  flanges  are  tightened  up  unequally,  it  may  break 
before  any  work  is  done  at  all).  A  safety  cushion  washer  of 
blotting  paper  or  fiber  underneath  the  flanges,  relieves  and  equal- 
izes the  pressure.  1  have  never  known  a  wheel  mounted  in  this 
manner  to  "explode",  although  the  flanges  only  need  to  be  about 
one-half  the  diameter  of  the  wheel. 

Several  other  pictures  were  thrown  on  the  screen  and  de- 
scril)ed  by  ]\[r.  Beyer. 

This  shows  some  of  the  methods  that  are  being  used  for 
securing  safe  construction,  and  for  developing  standards  that  can 
be  worked  to  intelligently,  and  this  is  surely  an  object  worthy  of 
the  interest  and  co-operation  of  engineers. 

Mr.   Roberts  : — 

In  addition  to  the  financial  loss,  as  stated,  I  ]iresume  that  each 
one  of  us  has  seen  very  sad  cases  and  knows  something  of  the 
results  on  the  family,  the  wives  and  children,  and  how  many  have 
gone  to  the  bad  as  the  result  of  the  father's  inability  to  longer 
sustain  the  family.  Xot  many  of  us  think  of  engineering  from 
an  altruistic  standpoint,  but   it   has  been   pointed  out  that   we   can 
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not  only   take  part   in   safecjuardinCT  machinery,   but   also   that   we 
can  be  of  value  in  the  world  outside  of  our  profession. 

Mr.  Carman  : — 

I  do  not  know  that  I  have  anything-  to  say,  but  inasmuch  as 
you  call  on  me,  I  will  say  that  since  listening-  to  these  splendid 
talks,  I  feel  as  one  who  has  been  a  little  bit  careless  in  the  design- 
ing- of  machinery. 

It  seems  to  me  that  we,  as  engineers,  have  had  trouble  enough 
in  designing  the  machine  mechanically  to  produce  the  desired 
results  without  having  to  look  after  the  safety  of  it,  but  neverthe- 
less I  realize  that  there  is  another  duty  to  perform  besides  that 
of  producing  a  machine  having  in  mind  the  saving  of  dollars  and 
cents  only. 

I  realize  now  that  we  owe  the  man  who  is  to  use  the  machine 
a  certain  duty,  and  we,  as  engineers,  should  give  the  safety  of 
the  machine  more  consideration  than  we  do. 

Referring  to  the  clause  regarding  the  safety  of  the  machine 
being  inserted  in  the  specifications,  which  the  speaker  referred  to, 
I  would  say  that  very  often  this  clause  is  inserted  in  such  a  way 
that  it  is  left  optional  with  the  bidder  as  to  whether  the  machine 
is  safely  guarded,  and  again  it  is  inserted  and  the  purchaser  ex- 
pects a  machine  fully  guarded  at  the  same  price  as  a  machine 
that  is  not  guarded,  therefore  we  find  it  hard  to  provide  ample 
safety  guards  and  compete  with  the  man  who  is  bidding  on  the 
same  machine  and  has  entirelv  ignored  the  clause. 

However,  I  believe  that  the  buyer  and  the  engineer  should 
both  insist  on  a  guarded  machine — the  buyer  being  willing  to  pay 
for  same,  as  their  cost  in  nine  cases  out  of  ten  is  a  large  part  of 
the  cost  of  the  whole  machine. 

Mr.  Melexdy: — 

One  subject  I  might  speak  of  is  the  goggles  for  the  protec- 
tion of  eyes  of  workmen  who  are  working  where  there  is  danger 
of  injury  to  the  eyes.  In  many  cases  it  has  been  required  that 
they  be  worn,  but  it  has  been  extremely  hard  to  keep  them  on 
the  men.  They  take  them  off  as  soon  as  one's  back  is  turned, 
and  we  have  found,  in  questioning  the  men,  that  thev  irritate 
their  eyes.  We  have  posted  signs  that  they  must  wash  their  eyes 
before  and  after  wearing  the  goggles,  if  they  are  rubber  rimmed ; 
and  we  use  wire  gauze  rims  for  places  where  the  danger  is  from 
flying  particles  only.  That  has  minimized  our  accidents  very 
largely. 

Mr.  Gaehr: — 

I  doubt,  Mr.  Chairman,  that  I  can  contribute  any  discussion 
of  value.  Concerning  tlie  ai)])licati()n  of  safety  devices  to  convey- 
ing machinery.  I  cannot  say  that  any  characteristic  or  novel 
features  have  been  brought  out.  I  do  not  believe  that  any  special 
study  has  been  made  of  that  particular  sphere  of  application.  Of 
course,  the  principal  parts  of  machinery,  such  as  gears,  etc.,  are 
being  treated,  in  many  cases,  in  the  manner  referred  to  by  the 
speaker  of  the  evening. 
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If  J  niav  express  some  of  my  personal  views  on  the  subject 
as  a  whole,  1  would  say  that  in  a  g-eneral  way,  naturally,  I  heartily 
endorse  the  movement  to  reduce  the  chance  of  accident  by  intelli- 
gent and  ]XM-sistent  observance  of  precautionary  measures. 

I  have  not  been  quite  in  sympathy,  however,  with  some  de- 
mands for  "safety  appliances"  made  by  some  employers'  liability 
insurance  companies,  because  I  feel  that  many  of  them  unduly 
restrict  the  freedom  of  the  operator,  and  some  of  them  are  pos- 
itivelv  ridiculous  and  even  direct  sources  of  danger. 

As  to  the  restriction  of  freedom,  the  mechanical  belt  shifter 
used  in  connection  with  cone  pulleys  might  be  mentioned.  Per- 
sonally I,  being  myself  a  machinist  by  trade,  shall  always  prefer 
to  throw  the  belt  in  the  old  way  and  believe  that  by  observing 
such  precautions  as  avoiding  the  wearing  of  finger  rings  (which 
have  at  times  been  caught  on  metallic  belt  laces,  etc.)  an  operator 
can  throw  a  belt  safely  and  ([uicker  1)\-  hand  than  Ijy  cumbersome 
mechanical   devices. 

The  principle  involved  is  akin  to  that  governing  the  doors  on 
enclosed  rear  platforms  of  street  cars.  It  seems  to  me  that,  if  a 
pedestrian  wants  to  jump  on  or  off  a  moving  street  car,  at  his  own 
risk,  he  ought  to  be  granted  that  privilege  (laughter),  and  phys- 
icallv  active  and  alert  men  should  not  be  made  subject  to  restric- 
tions which  may  be  a  safeguard  for  children,  women  and  those 
physically  infirm  and  awkward,  but  may  also  make  a  regular  death 
trap  of  a  car  in  emergencies. 

So,  I  rather  think  that,  if  employers  are  willing  to  provide 
safety  devices  which  the  ingenuity  of  experienced  men  may  ad- 
vise (not  products  of  theoretical  and  inexperienced  enthusiasts), 
that  is  about  as  far  as  they  should  go  or  be  expected  to  go.  The 
wisdom  of  enforcing  such  measures,  against  the  opposition  of 
those  for  whose  benefit  thev  are  intended,  seems  most  question- 
able. 

There  are,  of  course,  exceptions  and  frequently  men  of  low 
intellectual  standard  or  prejudiced  actually  do  not  recognize  things 
as  concerning  their  interests. 

There  should  be  "moderation  in  all  things",  even  in  the  appli- 
cation of  safety  measures,  and  for  some  obviously  this  designation 
is  a  misnomer.  We  should  also  remember  that  Americans  are 
prone  to  be  extremists,  swinging  like  the  pendulum  from  one  limit 
to  that  opposite. 

We  should  treat  cases  in  the  order  of  their  importance. 
By  enforcing  all  possible  means  considered  as  effective  in  pre- 
venting accidents,  it  seems  to  me  there  is  created  a  more  or  less 
erroneous  atmosphere  of  immunity  from  accident.  "Safety"  seems 
to  be  in  the  very  air,  and  this  most  assuredly  tends  to  make  men 
working  in  such  environments  less  careful  about  protecting  them- 
selves, in  fact,  I  believe  that  a  spirit  of  carelessness  is  actually 
engendered  thereby  which  makes  itself  felt  even  in  the  standard 
of  work.  The  elements  enunciated  are  quite  similar  to  those 
which  made  the  Pilgrim  fathers,  who  were  ever  readv  to  protect 
themselves  against  unexpected  attacks  from  Indians,  far  more 
capable   of   taking   care   of   themselves   in    almost    anv   kind    of   an 
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emergency  than  are  our  present  day  city  folks,  accustomed  to  hold 
others  largely  responsible  for  their  safety. 

So  safety  measures  may  at  times  actually  increase  danger, 
and,  by  way  of  illustration,  I  would  refer  to  some  of  the  photo- 
graphs of  boring  mills  and  lathes  shown  on  the  screen. 

Change  gears  and  driving  gears  were  shown  caged  in  and 
locked  up  like  wild  animals  in  some  cases,  and  in  most  cases 
these  were  located  in  places  where  the  operator  "had  no  bus- 
iness", while  the  machine  is  running.  Granting  their  propriety, 
nevertheless,  they  surely  tend  to  relieve  the  operator  of  some  of 
the  responsiblity  of  being  on  "h\>  metal"  and  would  leave  him 
the  less  prepared  to  be  on  his  guard  at  the  most  dangerous  places 
around  the  machines,  namely  right  at  the  revolving  work,  where 
he  has  "business"  and.  where  no  guards  can  be  provided  because 
of  the  ever  changing  character  of  the  work.  Everyone  thoroughly 
acquainted  with  the  operation  of  such  tools  knows  that  there  is 
danger  from  "getting  caught"  between  the  stationary  parts  of  the 
machines,  especially  the  tool  and  its  support,  and  the  moving 
masses  of  metal  or  other  material,  and  frequently  operators  have 
to  take  measurements  on  such.  On  large  boring  mills,  at  times 
operators  even  walk  around  on  the  revolving  tables  while  in  mo- 
tion. There  always  were  and  always  will  be  machines  which  de- 
mand nerve  and  physical  dexterity  on  the  part  of  operators  and, 
once  they  are  accustomed  to  their  duties,  they  perform  them  far 
more  safely  than  timid  or  careless  men  for  whose  safety  others 
have  provided  all  manner  of  special  devices.  Anything  done, 
therefore,  to  diminish  these  characteristics  of  care  and  skill  will 
increase  the  hazard  for  such  individuals. 

Another  point  might  well  be  emphasized.  The  totally  en- 
closing of  machine  parts  for  reasons  of  safety  or  cleanliness,  has 
often  led  to  disaster,  because  the  attendants  could  not  observe 
signs  of  imminent  danger,  such  as  loose  nuts,  loosened  keys,  hot 
bearings,  which  would  have  been  of  little  consequence  if  promptly 
looked  after,  but.  when  hidden  from  view,  received  no  attention 
until  the  machine  was  completely  wrecked. 

So,  let  us  fairly  size  up  this  question  of  safety  appliances 
from  all  view  points  and  not  fool  ourselves  in  considering  all 
things  safe  which  have  guards  around  them. 

Mr.  Herrox  : — 

I  am  not  as  directly  interested  in  this  subject  as  others,  hav- 
ing practically  no  employes  to  safeguard,  but  it  has  seemed  to 
me,  after  some  consideration,  that  the  engineer  is  largely  responsi- 
ble for  providing  proper  safeguards  in  the  preparation  of  his 
specifications.      Such   specifications  should  cover  the   matter   fully. 

^Ir.  Carman  has  spoken  of  the  manufacturer  being  expected 
to  supply  the  safeguards  for  machines  that  he  manufactures.  If 
in  the  specifications  such  safeguards  are  provided,  all  manufac- 
turers bidding  on  such  specifications  have  an  equal  chance  and 
there  is  no  hardship  felt  by  any  one  of  the  manufacturers. 

There  have  been  many  accidents  in  the  past  in  the  use  of 
machine  tools,  but  there  is  now  more  or  less  of  a  systematic  eflfort 
being  made  by  machine  tool  manufacturers  to  provide  safeguards, 
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so  tliat  the  operators  of  such  machines  may  be  protected.  As 
was  indicated  in  some  of  the  pictures  this  evenin.o;,  the  BuUard 
mill  is  perhaps  a  good  example  of  this  development  and  in  this 
case  no  gears  are  exposed.  This  can  also  be  said  of  the  Lodge 
&  Shipley  lathe,  which  was  shown.  Machine  tools,  of  a  few  years 
since,  had  all  the  gears  exposed,  consequently  resulting  in  acci- 
dents to  a  considerable  extent.  There  have  been  a  great  many 
minor  accidents  in  machine  shops,  but  the  day  is  rapidly  passing, 
and  now  these  are  comparatively  rare. 

1  wish  to  go  back  to  the  original  point  and  emphasize  that  it 
is  the  res]:)onsibility  of  the  engineer  to  draw  such  specifications 
that  all  dangerous  parts  of  any  machine  will  be  covered  and  the 
lives  of  the  operatives  be  protected. 

Mr.  Luckiesh  : — 

Mr.  Chairman : — One  safeguard  that  has  not  been  mentioned 
tonight — -good  light — it  seems  to  me  is  a  safeguard  that  could  be 
easily  applied.  I  would  like  to  ask  Mr.  Pettibone  the  per  cent 
of  accidents  that  is  due  to  defective  lighting.  I  was  surprised  to 
find  that  during  the  winter  months  the  percentage  of  industrial 
accidents  rose  50  per  cent,  I  attributed  this  increase  somewhat 
to  defective  light.  There  is  very  little  legislation  in  regard  to 
industrial  lighting,  and  the  little  that  there  is,  is  very  vague  and 
defective.  I  believe  that  poor  lighting  is  very  often  the  cause  of 
accidents. 

Mr.  Bach  :— 

In  the  matter  of  accidents  in  machines,  a  good  many  accidents 
occur  in  hurry-up  jobs — in  break-down  jobs — all  of  us  men  who 
have  operated  machines  or  engines  have  seen  someone  injured 
in  a  hurry-u])  job;  I  myself  have  escaped  very  narrowly,  and  I 
find  a  great  many  accidents  occur  in  emergencies.  While  we  are 
doing  that  work  in  a  hurry  we  are  overlooking  a  lot  of  safe- 
guards, which  should  be  taken  care  of  when  machinery  is  built, 
and  thus  take  the  burden  of  looking  out  for  one's  safety  ofif  the 
mind  of  the  operator,  which  should  be  entirely  free  for  his  work  ; 
the  men  in  charge  of  such  work  should  be  on  the  lo:)k(iut  for 
accidents  at  this  time. 

Mr.  K.  H.  Osborn  : — 

Mention  has  been  made  of  the  use  of  stairways  in  preference 
to  ladders.  I  have  visited  most  of  the  buildings  which  have  been 
erected  in  this  city  lately,  and  although  I  have  not  heard  of  any 
accidents  due  to  ladders,  still  it  has  impressed  me  that  contractors' 
ladders  were  poor  propositions.  The  building  code  requires  that 
in  all  buildings  over  three  stories  high  temporary  stairs  should 
be  installed.  However,  that  provision  of  the  building  code,  like 
many  others,  has  been  frequently  violated.  It  seems  to  me  that 
if  engineers  would  see  that  contractors  obey  this  regulation,  they 
could  thereby  add  to  the  safety  and  also  to  the  convenience  of 
the  workmen. 

Mr.  C.  D.  Palmer:— 

Mr.  Chairman,  it  has  been  my  experience  in  reference  to 
factory  work  that  there  are  some  things  that  come  up  at  a  date 

246 


too  far  along-  for  the  eiit^ineers.  and  it  seems  to  nie  that  as  long 
as  we  have  an  inspector  provided  bv  law  that  that  inspector 
should  be  sufificiently  familiar  with  factory  work  to  know  what 
he  is  talking  about.  It  seems  to  me  that  there  are  a  good  many 
of  them  who  are  appointed  through  political  influence  or  some- 
thing of  that  sort,  and  that  there  is  very  little  real,  practical 
knowledge  that  enables  that  man  to  knozv  what  he  is  talking 
about;  in  a  factory  that  my  father  had  at  one  time,  the  inspector 
came  and  ordered  certain  changes  made  ;  father  thought  that  they 
were  entirely  useless.  He  could  not  see  what  the  benefit  was  to 
be.  pjut  over  in  another  place  was  an  old  boring  machine,  on  which 
there  were  little  set  screws  that  stuck  out  about  an  inch.  One 
morning  father  had  occasion  to  use  the  machine  and  reaching  up, 
put  the  belt  on ;  of  course,  the  mandrel  started  very  suddenly, 
and  having  forgotten  to  remove  his  foot,  the  set  screw  tore  off 
the  end  of  his  shoe  and  with  it  a  part  of  his  toe.  Xow,  there 
ivas  a  need,  it  seems  to  me,  that  the  inspector  should  have  been 
looking  for  instead  of  the  thing  that  would  make  a  good  show 
in  the  factory.  I  remember  another  time,  1  was  sitting  in  front 
of  a  bit  that  was  running;  just  for  the  moment  I  turned  around, 
it  struck  my  trousers  leg  and  the  bit  ran  off  with  the  biggest  part 
of  the  garment.  It  seems  to  me  that  what  is  wanted  is  common 
sense  building  laws  and  inspection  by  competent  factory  inspectors, 
upon  wdiose  judgment  the  manufacturer  can  rely  for  authentic 
"liability"  protection  and  whose  certificate  would  exonerate  the 
manufacturers  in  the  event  of  accident  to  employes  for  the  reason 
that  he  is  forcibly  taught  to  depend  upon  the  inspectors'  opinion 
in  such  matters. 

]\Ir.   ^^Iaraxi  : — 

I  come  to  the  defense  of  the  inspector  for  this  reason,  and 
that  is  that  the  public  and  engineers  in  general  have  a  misconcep- 
tion of  the  duties  of  an  inspector.  The  inspector  is  only  empow- 
ered to  give  a  general,  and  not  a  detailed,  inspection.  Just  the 
same  as  the  duties  of  the  chief  of  the  fire  department,  or  the  chief 
of  the  police  department.  If  the  fire  chief  is  notified  that  a  build- 
ing is  burning,  and  he  gets  to  the  wrong  corner,  he  is  not  con- 
sidered negligent  of  his  duty  or  a  fool ;  nor  is  the  chief  of  police, 
if  you  go  home  at  night  and  on  the  way  arc  robbed,  and  the 
thief  is  never  caught,  and  the  chief  still  holds  his  job.  I  agree 
with  the  fact  that  there  should  be  detailed  inspection,  but  what 
are  you  going  to  do  when  you  have  one  man  looking  after  a 
hundred  and  thirty-four  buildings?  When  a  building  is  being 
erected,  the  inspector  goes  to  that  building  and  he  sees  the  safety 
gtiards,  etc..  called  for  by  law,  are  in  place,  he  proceeds  to  the 
next  building  and  immediately  down  come  the  safety  guards  on 
the  building  he  has  just  inspected.  These  quc»stions  of  safety 
have  their  humorous  side.  In  trying  to  amend  the  building  code 
and  give  the  men  erecting  buildings  more  protection,  we  thought 
of  making  the  erection  of  the  skyscraper  as  safe  for  worlcmen 
as  a  three-story  building.  So  we  drew  up  an  ordinance,  which 
we  thought  was  adequate  protection,  but  what  was  the  result? 
I  had  a  very  pleasant  visit  from  a  committee  of  the  union   men, 
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who  said  that  if  this  riihculous  or(hnancc  became  a  y)art  of  the 
building-  code,  any  fool  could  go  on  a  building  and  erect  steel,  it 
would  take  away  their  high  prices,  and  they  wouldn't  get  those 
high  prices  if  they  didn't  have  the  danger  of  working  180  feet 
up  in  the  air.  Now,  the  same  thing  applies  exactly  to  the  plumb- 
ers. They  wanted  to  have  vent  pipes  in  a  building  far  in  excess 
of  what  was  necessary ;  the  more  pipes  there  were,  the  better 
they  liked  it.  In  the  case  of  a  laundry  here  in  town  they  wanted 
vent  pipes  put  in  that  were  wholly  unnecessary,  and  when  we 
wanted  to  revise  the  plumbing  code  to  do  away  with  this  unnec- 
essarv  work,  a  delegation  from  the  plumbers'  union  called  upon 
me  and  told  me  that  my  position  w^as  ridiculous,  that  it  was  neces- 
sary for  the  health  of  the  public,  and  that  in  this  particular  case 
these  pipes  were  necessary  because  the  plumbing  would  be  no 
good  if  all  traps  were  not  thoroughly  ventilated.  The  result  of 
this  situation  was  that  I  showed  them  the  plan  I  had  was  adequate 
and  that  all  that  was  necessarv  was  embodied  in  what  we  pro- 
posed. The  man  said,  "But  don't  you  know,  you  fool,  that  any 
fool  under  that  plan  could  erect  plumbing,  and  so  where  is  our 
job  coming  in?"     (Laughter.) 

However,  there  is  a  good  deal  of  common  sense  in  the  pro- 
tection of  machinery,  though  some  think  that  an  element  of  dan- 
ger accompanying  their  position  helps  their  wages.  This  talk  to- 
night has  been  very  excellent,  and  it  has  dawned  upon  me  in  the 
case  of  the  gas  company  plants  in  this  city,  which  I  designed,  that 
I  did  not  give  the  safety  feature  enough  thought,  but  I  will  prom- 
ise to  think  of  safety,  together  with  design,  in  the  future.  So 
little  money  would  have  been  necessary  in  the  case  of  the  gas 
company  to  protect  life.  In  the  coal  sheds  that  store  coal  30  feet 
high,  the  man  goes  to  these  sheds  and  gets  the  coal  from  the 
bottom  of  the  ])ile  into  the  wagon.  While  they  were  loosening 
lumps  l^ehiw  a  coal  slide  would  often  take  place  and  the  fellow 
was  hurt  and  then  the  company  usually  paid  the  doctor's  bill. 
Then  there  is  the  question  of  a  gas  holder  blowing,  wdiere  men 
have  been  known  to  be  asphyxiated,  but  by  some  simple  device 
the  flow  of  gas  could  have  been  shut  off  if  the  proper  precautions 
had  been  taken  in  the  design  of  this  feature  of  the  plant.  Then, 
too,  there  is  nothing  to  prevent  a  man  from  falling  into  the  gen- 
erator cupola  of  a  water  gas  plant,  which  is  about  36  inches  in 
diameter,  and  being  cremated.  If  we  object  to  that  sort  of  thing 
when  we  are  dead,  we  certainly  object  more  strongly  to  it  while 
we  are  alive.  I  might  have  protected  that  when  I  worked  there, 
but  I  was  too  busy  drawing  my  pay  and  certain  other  duties, 
mostly  in  the  line  of  economical  design. 

AIr.  Beyer  : — 

As  regards  that  point  of  inspection,  it  might  be  an  interesting 
psychological  study  if  we  could  determine  whether  the  man  would 
have  been  as  much  impressed  with  the  danger  of  set  screws  before 
he  had  caught  his  foot  as  he  was  after.  (Laughter.)  I  have 
seen  just  such  cases,  where  a  man  would  argue  that  there  was 
no  danger,  until  someone  was  injured  ;  then  instantly  he  sees  the 
danger  which  was  there  all  the  time. 

As   regards   the   point  one   of   the   gentlemen    made    about   the 
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application  of  safeguards,  and  the  attitude  of  the  i^overnnient  in 
demanding-  safeguards.  It  is  an  interesting  point  in  that  con- 
nection to  note  that  the  trend  of  opinion  has  been  (|uite  reversed 
on  this  particular  matter  in  the  past  few  years.  It  used  to  be 
that  the  "assumption  of  risk"  was  one  of  the  standard  defenses. 
That  is,  that  the  workman  undertaking  any  particular  job  assumed 
the  risk ;  that  he  knew  there  were  certain  dangers,  and  that  his 
pay  covered  those  dangers.  That  was  a  part  of  the  thing  that 
he  was  paid  for  and  a  risk  which  he  agreed  to  stand  in  accepting 
the  job.  Practically  all  the  employers'  liability  laws,  which  are 
now  being  enacted,  have  swept  away  this  defense.  They  sav  the 
man's  wages  is  not  sufficient  to  cover  the  risk.  They  look  at  it 
more  from  the  sociological  standpoint.  For  example : — If  a  shaft 
or  a  gear  is  broken,  that  is  charged  to  the  production  cost.  It 
means  a  certain  added  per  cent  on  the  output,  for  which  the  con- 
sumer (  for  whom  the  work  is  really  being  done)  must  ultimately 
pay  ;  but  if  a  man  is  broken  in  the  process  under  the  old  theory 
of  the  "common  law",  his  immediate  family  stood  that  loss.  It 
may  mean,  summed  up  from  the  economic  standpoint,  that  a  man 
is  worth  two  thousand,  three  thousand  or  four  thousand  dollars. 
That  is  what  it  costs  to  "produce"  a  mature  workman,  and  it  does 
not  seem  right  that  the  man's  family  should  stand  the  loss  when 
he  is  "broken"  or  destroyed  in  an  industrial  process.  It  seems 
to  me  that  it  should  be  distributed  over  the  product  like  any  other 
item  of  producing  cost,  until  the  consumer,  the  man  who  gets  the 
benefit  of  that  work,  pays  for  it.  Then  the  loss  through  accidents 
will  be  studied  and  reduced  to  the  lowest  possible  point,  just  as  we 
try  to  keep  down  scrap  and  breakage.  But  as  long  as  the  indi- 
vidual family  stands  this  loss  and  the  manufacturer  feels  that  he 
dees  not  have  to — it  is  not  going  to  come  home  to  him  with  the 
same  force  as  a  problem  that  he  must  work  cut. 
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SAFETY   AS   APPLIED   TO   ENGINEERING 


American  Machinist,  Feb.   11,   1909. — Safety  Devices  in   Machine   Shops  and 
Manufacturing  EstabHshments. 

-Feb.    18,    1909. — Safety   Appliances    in    German    Machine    Shops. 


Illustrated   descriptions   of   simple  guards   and   operating  devices   to   pro- 
tect  workmen. 

Aiuials   of  American    Academy.   July,    1911. — Necessity    for    Safety    Devices, 
by   J.    C.    Delaney. 

Cassier's  Magazine,  Aug.,  1907. — Safety  Appliances  in  the  Engine  Room,  by 
W.    W.    Christie.      With    illustrations. 

Engineering   Magazine,   May,    1908. — The    New    Museum    of    Safety    Devices 
at   Paris,  by  Jacques  Boyer.     Illustrated  description. 

-June,    1908. — The     American    Museum    of     Safety     Devices,    by 


H.    T.    Wade.      Explains    the    purpose    and    economic    value,    givmg    an 
illustrated  description  of  exhibits. 

Illinois  Steel  Company — Specifications  and  Devices  for  Safety  of  Work- 
men On  and  About  Machinery  to  Be  Constructed  and  Installed,  and 
Operating  Conditions  to   Be   Maintained   at   Its   Plants.      1910. 

Iron  Age,  July  13,  1911. — Standard  of  Safety  in  Relation  to  Machinery, 
by  D.  S.  Beyer.  Illustrated  description  of  the  system  of  the  United 
States    Steel   Corporation,    and   the   problems    solved.      Serial,    first    part. 

Machinery,  N.  Y.,  Nov.,  1911. — Safety  Devices  as  Applied  to  Machine 
Tools,  by  Clarence  Bolton.  Illustrates  and  describes  a  number  of  sin- 
gle  guards,   which   can   be  applied   without  great   expense. 

Nov.,   1911. — Accidents  in   the  Machine    Shop.      Suggestions   and 

rules    for   their   prevention,   collected   from   various   sources. 

Raihvay  Age  Gazette,  Dec.  1,  1911.^Shop  Safety  Appliances  and  Safety 
Education,  by  George  Bradshaw.  Illustrates  and  describes  devices  and 
methods    for   securing  safety,   and   discusses    related   matters. 

Scientific  American,  Jan  26,  1907. — An  Exposition  of  Safety  Devices  and 
Industrial  Hygiene.  Gives  startling  facts  in  regard  to  the  great 
sacrifice  of  human  life  in  industrial  vocations  and  illustrates  some  of 
the  safety  devices  exhibited  at  an  exposition  at  the  American  Museum 
of   Natural   History,   New   York   City. 

Survey,  March   18,   1911. — Standardization  of   Safety,   by   F.   H.    Bird. 

Oct.    21,    Nov.    18,    Dec.    16,    1911.— Some    Methods    in    Safety 

Engineering,    by    John    Calder.      From    the    Journal    of    the    American 
Society   of   Mechanical    Engineers. 

Tolman,  IV.  H. — Safety  for  Life,  Limb  and  Health.  In  his  Social  Engi- 
neering, 1909.     P.   102-31.     General   article. 

Van  Schaack,  Dai-id,  ed. — Safeguards  for  the  Prevention  of  Industrial 
Accidents.      1910. 
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Symposium  on  the  Automobile  Motor 

THE  LOXG-STROKE   MOTOR 
By  J.  B.  ExTZ 

The  long-stroke  engine  is  becoming  increasingly  popular,  as 
being  more  powerful,  flexible  and  economical  than  engines  of 
equal  volume,  but  shorter  strokes.  Some  of  the  reasons  for  this 
may  be  seen  from  the  following  consideration : 

A  4J^  X  45^  engine  is  of  the  same  cylinder  volume  as  a  4-inch 
bore  by  5^-inch  stroke,  but  it  has  an  area  of  piston  head  26  per 
cent  greater.  If,  during  the  working  stroke,  the  pressure  per 
square  inch  was  the  same  in  each  case,  the  total  pressure  on  the 
piston  would  be  26  per  cent  greater,  but  we  would  get  no  greater 
turning  effort,  as  the  crank  on  which  it  acts  is  proportionately 
shorter.  The  loss  in  the  crank  shaft  bearings  is,  however,  in- 
creased, due  to  the  greater  pressure  on  them,  and  the  fact  that 
the  crank  pins  and  main  shaft  bearings  turn  in  their  boxes,  but 
once  per  revolution,  whether  the  stroke  be  long  or  short.  The 
side  pressure  of  the  pistons  on  the  cylinder  walls  is  also  greater, 
due  to  the  greater  pressure  on  the  larger  piston  head  in  the  short- 
stroke  motor. 

The  result  is  a  higher  mechanical  efficiency  for  the  long-stroke 
motor,  as  it  has  less  internal  friction.  The  piston  weight  and 
connecting  rod  weight  is  less  in  the  long-stroke  motor,  due  to  the 
small  size  of  the  piston  and  less  pressure  on  it. 

The  wall  area  of  the  compression  space  is  less  in  the  long- 
stroke  motor,  because  of  its  shape,  and  the  heat  units  lost  are, 
therefore,  less.  The  long-stroke  motor  has,  therefore,  a  higher 
thermal  or  heat  efficiency  than  the  short-stroke,  and,  as  the 
thermal  efficiency  is  lowest  at  low  speeds,  the  long-stroke  motor 
pulls  better  at  low  speeds. 

If  the  size  and  lift  of  the  valves  are  made  the  same  in  each 
case,  the  volumetric  efficiency  of  the  two  motors  would  be  the 
same  at  the  same  number  of  revolutions  per  minute. 

The  extent  to  which  the  cylinder  is  filled  on  the  suction 
stroke,  is  not  determined  by  the  speed  of  the  gases  in  the  cyl- 
inder, as  they  follow  the  piston  on  its  down-stroke,  but  by  the 
very  much  higher  speed,  they  travel  through  the  carburetor,  inlet 
passages  and  valves,  which  is  the  same  in  the  case  of  both  en- 
gines. Also  the  rate  of  expansion  of  the  gas  on  the  working 
stroke  after  it  has  been  ignited  is  not  different  in  the  two  en- 
gines, as  in  each  case  the  expansion  is  from  the  volume  contained 
in  the  compression  chamber  to  the  total  volume  of  the  cylinder  and 
this  takes  place  in  the  same  length  of  time  at  the  same  number  of 
revolutions  per  minute.  Also,  the  mechanical  balance  of  the  two 
engines  is  the  same  at  the  same  speed,  in  revolutions  per  minute, 
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as  the  only  two  factors  which  (letcrniiiie  the  balance  that  are  not 
the  same  in  each  engine  are  the  weights  of  the  piston  and  con- 
necting rod  and  their  linear  speed,  and  the  weight  of  these  parts 
in  the  longer-stroke  engine  is  less  in  the  same  proportion  that 
their  linear  speed  is  higher. 

The  best  relations  of  stroke  to  bore  or  most  practical  rela- 
tions, according  to  the  latest  practice,  in  Europe  and  this  country, 
is  a  stroke  1.4  to  1.5  bore,  although  engines  have  been  built  with 
a  stroke  more  than  twice  the  bore.  It  may  be  interesting  to 
show  how  the  valves  open  in  relation  to  the  position  of  the  piston, 
and  the  piston  speed  at  different  points  in  the  stroke,  although  this 
is  not  necessarily  different  in  the  long  and  short-stroke  engine. 

This  is  a  card  taken  from  an  engine  with  an  indicator  made 
for  that  purpose.  The  exhaust  valve  opened  45  degrees  before 
the  piston  reached  the  lower  center,  which  in  this  case  was  ^  inch 
on  a  6i^-inch  stroke.  It  will  be  noticed  that  the  piston  move- 
ment is  slowest  around  its  lowest  center,  and  the  valve  is  half 
open,  or  more,  at  the  lowest  center  or  finish  of  the  power  stroke, 
although    it    does   not   commence    tc    open    until    the   power    stroke 


is  practically  finished.  The  exhaust  valve  opens  very  rapidly  at 
first  in  relation  to  the  piston  movement,  as  it  should  do  to  permit 
the  easy  escape  of  the  exhaust  gases.  The  exhaust  valve  closes 
a  little  past  the  top  center,  about  5  degrees,  which  corresponds  to 
a  very  small  downward  movement  of  the  piston  on  the  suction 
stroke.  The  inlet  valve  opens  a  few  degrees  after  the  exhaust 
closes,  and  as  it  opens  after  the  piston  passes  the  top  center,  its 
opening  is  not  nearly  so  rapid  in  respect  to  piston  movement  as 
the  opening  of  the  exhaust  valve,  which  starts  before  the  lower 
center  is  reached. 

This,  however,  does  not  matter  much  on  the  beginning  of  the 
suction  stroke,  as  any  vacuum  resulting  therefrom  is  useful  later 
on  in  the  stroke,  when  the  valve  is  wide  open.  The  inlet  valve 
does  not  close  at  the  end  of  the  suction  stroke,  but  is  open  for  35 
degrees  on  the  up  or  compression  stroke.  This  keeps  the  valve 
half  open  at  the  finish  of  the  stroke,  and  allows  the  air  and  gas, 
which  has  attained  a  high  velocity,  to  enter  and  fill  the  cylinder, 
to  a  much  greater  degree  than  if  the  valve  is  closed  at  the  end 
of  the  stroke. 
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The  (lotted  line  shows  the  piston  speed  at  different  points  of 
the  stroke.  It  is  higher  near  the  top  center  than  the  bottom  cen- 
ter on  account  of  the  angularity  of  the  connecting  rod.  It  will 
be  noticed  that  the  inlet  valve  opening  is  smaller  in  proportion 
to  the  piston  speed  at  the  beginning  of  the  suction  stroke,  than  it 
is  on  the  last  part  of  the  stroke,  where  it  is  wide  open  after  the 
piston  speed  has  commenced  to  decrease.  This  is  as  it  should 
be,  as  although  the  piston  movement  is  the  actuating  force  that 
moves  the  air  and  draws  it  into  the  cylinder,  yet  the  inertia  of 
the  air  causes  it  to  lag  behind  at  the  first  part  of  the  stroke  and 
after  it  has  obtained  velocity  and  momentum,  it  continues  to  enter 
the  cylinder  even  when  the  piston  has  reached  the  end  of  the 
stroke  and  for  some  distance  on  the  upward  stroke.  The  higher 
the  speed  of  the  engine,  the  more  the  advantage  in  the  late  closing 
of  the  inlet  valve.  But  the  closing  shown  is  very  good,  as  the 
valve  is  half  open  at  the  end  of  the  stroke  and  is  closed  when  the 
piston  has  moved  Y^  inch  upward  on  the  compression  stroke,  thus 
not  permitting  of  much   loss  of  the  charge  even   at  slow  speeds. 

The  carburetor  is  a  device  by  which  the  air  drawn  into  the 
engine  on  the  suction  stroke  picks  up  the  proper  amount  of  gaso- 
line to  combine  with  it.  The  theoretical  amount  of  air  to  com- 
bine with  the  gasoline  is  about  15^  to  1  by  weight,  but  in  prac- 
tice the  usual  mixtures  are  about  20  to  1. 

As  the  vacuum  in  the  carburetor  is  the  force  that  acts  upon 
both  the  gasoline  and  the  air,  and  as  the  velocity  which  will  be 
imparted  to  either  is  inversely  as  the  square  root  of  their  mass  or 
weight,  it  follows  that  as  gasoline  at  60  degrees  Fahr.  weighs 
about  580  times  as  much  as  air,  at  the  same  temperature,  its 
velocity,  when  leaving  the  nozzle,  is  inversely  as  the  square  root 
of  580  or  1/24  the  velocity  of  the  air,  in  the  tube  around  the 
nozzle. 

So  if  we  had  a  single  gasoline  nozzle,  in  a  single  air  tube, 
through  which  all  the  air  passed,  and  the  air  tube  was  1  inch  in 
diameter  and  the  gasoline  nozzle  was  1/20  inch,  then  the  quantity 
of  air  by  weight  compared  with  the  gasoline  would  be  first  400 
times,  because  of  400  times  the  area,  multiplied  by  24  because  of 
24  times  the  speed,  and  divided  by  580  because  of  1/580  the 
weight.  This  gives  I63/2  as  the  ratio  of  air  to  gasoline  by  weight. 
As  the  gasoline  leaves  the  nozzle,  it  becomes  finally  divided  and 
is  carried  along  with  the  air  at  an  increasing  speed  until  it  reaches 
the  same  speed  as  the  air,  or  until  it  combines  with  it  to  form  gas. 
I  mention  this  fact  of  the  very  much  slower  speed  of  the  gasoline 
as  compared  to  the  air  into  which  it  first  enters,  as  I  find  that 
many  have  an  idea  that  the  gasoline  impinges  upon  the  air  like 
water  from  a  nozzle  upon  stationary  air. 

Theoretically  with  a  nozzle  of  a  given  size  in  a  fixed  sized 
air  tube,  we  should  get  the  same  proportion  of  air  and  gasoline 
at  all  engine  speeds  and  throttle  openings.  But  in  practice,  this 
would  give  us  a  mixture  too  rich  with  wide  open  throttle  and  high 
speeds,  and  too  weak  when  running  slow  and  with  nearly  closed 
throttle,  so  that  means  are  provided  in  all  carburetors  to  add  more 
gasoline  at  low  speeds. 

This  is  arranged  in  a  large  class  of  carburetors  by  means  of 

253 


an  auxiliary  air  opening  which  is  closed  by  a  spring-controlled 
valve;  at  high  suctions,  this  opens  and  admits  more  air,  and  by 
proper  adjustment  of  the  spring  tension,  can  be  made  to  give  the 
proper  mixture  at  high  suctions  and  low.  The  auxiliary  air  valve 
in  some  cases  is  seated  by  its  own  weight.  Another  class  of  car- 
buretors closes  up  the  air  passage  around  or  near  the  gasoline 
nozzle  as  the  throttle  is  closed,  so  as  to  increase  the  velocity  of 
the  air  at  that  point  and  thereby  the  proportion  of  gasoline.  An- 
other class  of  carburetor  has  a  second  nozzle  which  feeds  gasoline 
into  a  small  inverted  "U"  shape  air  passage,  one  end  of  which 
communicates  with  the  main  air  passage  and  the  other  end  of 
which  communicates  with  the  air  outside  the  carburetor.  This 
nozzle  feeds  under  the  influence  of  gravity,  being  placed  on  a  level 
about  1^  inches  below  the  float  chamber  level.  When  the  engine 
is  stopped,  this  auxiliary  air  passage  fills  up  to  the  float  chamber 
level,  and  w'hen  the  engine  is  cranked  adds  an  additional  amount 
of  gasoline,  which  is  an  aid  in  starting. 

The  gasoline  fed  from  this  second  nozzle,  is  supposed  to  be 
constant,  or  nearly  so,  and  independent  of  the  suction,  and  to  add 
the  proper  additional  amount  at  low  suctions. 

Another  class  opens  the  air  and  gasoline  passages  simultane- 
ously by  a  valve  which  acts  upon  each,  and  which  is  usually  con- 
trolled by  the  suction  in  the  carburetors.  If  these  valves,  the  one 
acting  upon  the  air  and  the  other  upon  the  gasoline,  are  properly 
proportioned,  the  proper  mixture  can  be  secured  at  each  point. 

It  will  be  seen  that  the  proper  proportion  of  air  and  gasoline 
passages  for  different  speeds  and  throttle  openings  are  secured 
in  two  ways ;  one  by  the  suction  in  the  carburetor,  and  the  other 
by  the  position  of  the  throttle.  The  first,  controlled  by  the  suc- 
tion in  the  carburetor,  can  be  made  to  fit  any  desired  mixture 
proportions  for  any  suction  resulting  from  the  speed  and  throttle 
opening  of  the  engine,  but  the  same  suction  may  result  from  an 
engine  running  at  500  revolutions  per  minute  with  the  throttle 
wide  open  as  when  it  is  slowed  down  by  the  hard  pull,  and  from 
an  engine  at  1,000  revolutions  per  minute  with  the  throttle  partly 
open  as  when  running  on  a  level  road  at  a  speed  of  25  miles  per 
hour.  For  the  first  condition  we  want  the  mixture  that  will  give 
the  engine  its  maximum  power.  For  the  second  condition  we 
want  the  mixture  that  will  give  the  best  economy,  not  power,  as 
more  power  may  be  obtained  simply  by  opening  the  throttle 
farther.  The  best  economy  is  obtained  by  a  mixture  considerably 
weaker  than  that  which  gives  the  most  power,  and  as  the  engine 
is  run  most  of  the  time  with  a  partly  closed  throttle,  such  car- 
buretors are  not  as  economical  as  they  would  be  if  the  mixture 
were  weakened  when  running  with  a  partly  closed  throttle,  as 
with  the  car  running  on  the  level  at  moderate  speeds.  With  the 
class  of  carburetors  in  which  the  mixture  is  controlled  by  the 
position  of  the  throttle  very  good  economies  can  be  secured,  as  it 
is  possible  to  proportion  the  air  opening  affecting  the  gasoline 
flow  for  each  throttle  position  so  as  to  get  the  best  economy  for 
practical  work.  With  a  wide  open  throttle  the  relations  of  the 
air  and  gasoline  passages  remain  fixed,  however  much  the  speed 
and  suction  changes.     If  the  mixture  is  right  for  1,500  revolutions 
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per  minute,  at  about  500  it  will  be  too  weak  and  the  engine  will 
net  pull  well,  and  it  will  be  necessary  to  change  gears  on  a  hard 
pull  if  the  engine  has  been  allowed  to  slow  down  too  much. 

For  the  reason  that  gasoline  is  much  more  expensive  in 
Europe  than  in  this  country  the  last  class  of  carburetors  are  most 
in  use  there,  while  in  this  country  the  first  class  described  are 
mostly  used,  as  there  seems  to  be  a  greater  objection  to  gear 
shifting  and  the  engine  that  can  pull  hard  at  low  speeds  is  much 
desired. 

I  have  spoken  of  four  general  means  of  controlling  the  pro- 
portion of  air  and  gasoline,  but  these  means  have  been  united  in 
a  great  number  of  combinations,  and  more  are  appearing  every 
day.  There  are  also  double  carburetors ;  first  one  and  then  both 
being  brought  into  use  either  by  the  movement  of  the  throttle  or 
by  increasing  suction  in  the  carburetor.  With  the  grade  of  gaso- 
line we  are  getting  now,  heat  is  essential  in  cold  weather,  either 
by  means  of  a  water  jacket  or  hot  air. 

The  electric  form  of  ignition  is  practically  the  onlv  one  in 
use  today  on  automobile  motors,  and  this  is  almost  entirely  the 
jump  spark  from  high  tension  magnetos.  Such  magnetos  are 
small  dynamos  with  permanent  steel  magnets,  whose  output  instead 
of  being  continuous  like  direct  current  dynamos  or  pulsating  like 
alternating  current  dynamos,  is  concentrated  so  as  to  occur  for 
an  instant  only  at  every  half  revolution  of  the  armature.  This 
output  is  at  a  very  high  voltage,  capable  of  jumping  in  some  cases 
a  3^-inch  gap.  By  means  of  a  revolving  brush  making  contact 
with  segments  that  are  connected  by  leads  to  the  spark  plugs  in 
the  different  cylinders,  the  spark  is  made  to  occur  in  one  cylinder 
after  the  other  and  in  the  proper  firing  order.  The  principle  on 
which  such  a  magneto  works  is  as  follows :  The  permanent  field 
magnets  establish  magnetic  lines  of  force  through  the  iron  of  the 
armature,  which  are  greatest  in  number  when  the  armature  lies 
parallel  to  the  path  between  the  pole  pieces.  As  the  armature 
turns  until  it  stands  at  right  angles  to  where  it  was  before,  the 
number  of  lines  of  force  through  its  core  diminishes  to  zero.  If 
it  is  further  turned  90  degrees  more  until  it  again  lies  in  the  path 
between  the  pole  pieces  the  lines  of  force  become  maximum  again, 
but  in  respect  to  the  armature  core  in  the  reverse  direction  to  what 
they  were  before.  If  a  number  of  turns  of  wire  were  wound  on 
the  armature  core  and  the  ends  connected  to  an  outside  circuit, 
we  would  have  a  simple  alternating  current  dynamo,  whose  volt- 
age for  any  given  speed  would  be  dependent  upon  the  number  of 
turns  on  the  armature  and  the  rate  of  change  in  the  number  of 
magnetic  lines  of  force  through  the  armature  core,  but  the  rate 
of  change  in  the  lines  of  force  due  to  simplv  revolving  the 
armature  even  with  the  greatest  possible  number  of  turns  of 
wire  wound  upon  it,  is  not  sufficient  to  give  so  high  a 
voltage  as  is  necessary  and  it  is  necessary  to  elevate 
the  voltage  in  some  manner.  This  is  done  by  winding  a  com- 
paratively few  number  of  turns  on  the  armature  and  closing  the 
ends  of  these  by  means  of  a  contact  maker  at  about  the  time 
the  voltage  wave  commences  to  rise ;  this  generates  a  current 
in  the  closed  coil  and  this  current  magnetizes  the  armature  core 


still  more  incrcasin,^-  the  number  of  lines  of  force  in  the  armature 
core  to  mure  than  would  be  forced  through  it  l)y  the  magneto 
alone.  At  abuut  the  time  the  current  in  the  closed  circuit  reaches 
a  maximum  the  contact  maker  is  opened  by  a  cam,  and  as  the 
circuit  is  instantly  broken,  the  current  falls  to  zero  and  the  mag- 
netic lines  of  force  in  the  armature,  due  to  this  current,  instantly 
disappear.  This  induces  a  voltage  in  any  coil  wound  on  the  arma- 
ture core  which  is  very  high  in  proportion  to  the  number  of  turns, 
so  that  if  we  wind  a  second  coil  on  the  armature  consisting  of  a 
great  manv  turns  of  fine  wire,  we  will  get  an  instantaneous  and 
ver\  high  voltage  which  by  means  of  the  distributer  we  take  to 
the  engine.  As  the  spark  occurs  at  the  moment  of  opening  the 
circuit  breaker,  the  timing  of  the  spark  can  be  accomplished  by 
moving  the  cam  which  opens  the  contact   maker. 

Instead  of  winding  a  second  coil  of  a  great  many  turns  on 
the  armature  core,  an  induction  coil  may  be  used  which  has  a 
primary  winding  of  a  few  turns  connected  in  circuit  with  a  single 
winding  of  a  few  turns  on  the  armature  so  that  the  current  that 
is  generated  in  the  armature  coil  when  the  circuit  maker  is  closed, 
also  passes  through  the  primary  coil  of  the  induction  coil,  magnet- 
izing its  core,  and  when  the  current  is  broken  bv  the  magneto 
circuit  breaker,  the  high  voltage  is  induced  in  the  secondary  of 
the  induction  coil  and  led  to  the  distributer  on  the  magneto  and 
thence  to  the  cvlinders. 


VALVE  MECHANISMS 
By  Jas.  G.  Sterling 

The  subject  of  valve  mechanisms  is  perhaps  the  wrong  one 
for  this  paper  since  the  time  for  its  preparation  and  presentation 
would  not  be  sufficient  to  cover  so  broad  a  subject. 

The  purpose  of  the  paper  will,  therefore,  be  to  briefly  outline 
present  practices  and  tendencies  in  the  design  of  this  feature  of 
the  automobile  motor  and  to  describe  a  few  types  of  valve 
mechanism  that  are  in  use  at  present  in  four-cycle  automobile 
motors. 

At  the  risk  of  being  too  elementary  it  may  be  well  to  describe 
first  the  functioning  of  the  valves  in  a  four-cycle  internal  com- 
bustion engine  and  indicate  the  average  timing  for  opening  and 
closing  the  inlet  and  exhaust  valves  generally  employed. 

The  four  cycles,  admission  or  suction,  compression,  explosion 
and  exhaust,  are  accomplished  in  two  revolutions  of  the  main 
crank  shaft. 

The  inlet  valve  opens  when  the  piston  is  on  top  and  is  held 
open  until  the  piston  has  completed  its  suction  stroke  and  started 
b.ck,  closing  when  the  crank  has  turned  30  degrees  past  the  bot- 
tom center.  The  piston  completes  its  compression  stroke,  the 
charge  is  fired  and  when  the  piston  has  traveled  two-thirds  down 
on  the  firing  stroke,  the  exhaust  valve  opens  at  about  50  degrees 
before   the   bottom   center-  on   the    crank    circle   and    remains   open 
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until  the  piston  has  completed  its  exhaust  stroke  and  is  at  the 
top  ag'ain. 

From  the  timing-  of  the  valves  it  is  apparent  that  the  auto- 
mobile motor  is  perhaps  best  described  as  an  internal  explosion 
motor,  getting  its  power  from  the  impact  of  the  explosion  rather 
than  from  the  expansion  of  the  exploded  gases.  The  purpose  of 
the  valves  is,  therefore,  to  admit  as  large  an  amount  of  gas  as 
possible,  to  hold  it  while  it  is  compressed  and  fired  and  to  exhaust 
as  quickly  as  possible  the  exploded  gases. 

The  measure  of  the  efficiency  of  a  valve  mechanism  is  the 
manner  in  which  it  performs  these  functions. 

Theoretically  this  would  mean  a  study  of  valve  opening 
diagrams  and  determination  of  the  intake  and  exhaust  gas 
velocities,  the  power  consumed  in  the  operation  of  the  mechanism, 
etc.  Practically,  however,  the  measure  of  the  efficiency  as  it 
appears  to  the  automobile  builder  is  more  closely  allied  to  the 
durability,  reliability,  simplicity  and  ease  of  manufacture  of  the 
valve  mechanism. 

To  these  requisites  during  the  last  few  years  has  been  added 
"quietness  of  operation".  At  the  present  time  it  is  one  of  the 
determining  factors  in  the  selection  of  valve  mechanism  and 
is  perhaps  the  direct  reason  for  the  widespread  interest  in  the 
Knight  type  engine  and  for  the  great  amount  of  study  and  devel- 
opment now  being  applied  to  the  valve  mechanism  of  the  auto- 
mobile motor. 

In  the  early  development  of  the  four-cycle  engine,  all  the  dif- 
ferent forms  of  valves  used  in  the  .steam  engine  were  tried.  Ow- 
ing to  the  fact  that  it  was  extremely  difficult  to  secure  lubrication 
of  a  sliding  or  rotating  surface  under  the  heat  to  which  these 
were  exposed  in  an  internal  combustion  engine,  onlv  such  valves 
as  were  designed  to  lift  from  their  seats  in  opening  were  found 
satisfactory. 

L'p  to  1908  the  only  type  of  valve  that  was  successfully 
used  was  the  poppet  valve  and  this  type  is  the  one  now  generally 
in  use  in  automobile  motors.  Its  construction  and  design  are 
well  known  and  easily  understood.  The  valve  is  held  on  its 
seat  by  a  spring,  is  lifted  at  the  proper  time  by  a  cam  and 
reseated  by  the  spring.  With  this  type  of  valve  practically  any 
desired  valve  area,  rate  of  opening  and  timing  may  be  obtained 
by  varying  the  size  of  the  valve  and  the  shape  of  its  cam  and 
follower.  There  is  little  variety  in  the  present  designs  of  this 
type  of  valve.  In  some  initial  constructions  the  inlet  valve  was 
made  to  open  automatically,  but  with  hardlv  an  exception,  both 
valves  are  now  operated  mechanically.  A  variety  of  locations  for 
these  valves  can  be  found  and  the  detailed  design  of  their  oper- 
ating mechanism  varies  somewhat. 

The  first  illustration  shows  a  few  typical  constructions  in 
present  use.  In  Fig.  1,  the  inlet  and  exhaust  valves  are  located 
on  opposite  sides  of  the  cylinder ;  a  cam  shaft  on  either  side  of  the 
cylinder  running  at  one-half  engine  speed  operates  these  valves. 
This  design  of  cylinder  is  known  as  a  "T"  head  cylinder.  An 
"L"  head  motor  has  both  valves  on  the  same  side  and  but  one 
cam  shaft  is  required ;  such  a  cylinder  is  shown  at  Fig.  2. 
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In  Fig'.  3,  the  inlet  valve  is  located  in  the  top  of  the  cylinder 
and  the  exhaust  at  the  side.  One  cam  shaft  operates  both  these 
valves,  a  rocker  arm  serving  to  transmit  the  movement  to  the 
inlet  valve. 

In  Fig.  4,  an  arrangement  of  both  valves  on  top  is  shown. 
Both  are  operated  from  a  cam  shaft  extending  across  the  top  of 
the  cylinder. 

In  Fig.  5.  the  same  location  of  valves  is  shown,  but  both  are 
operated  by  the  same  cam.  This  construction  was  first  used  by 
the  Fiat  on  a  motor  for  a  racing  car  and  is  interesting  chiefly 
because  of  the  operating  mechanism. 

It    will    be    noticed    that    with    the    change    in    location    of    the 
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valves  goes  a  change  in  the  shape  of  the  combustion  chamber  of 
the  motor,  and  of  inlet  and  exhaust  passages  for  the  gases.,  What 
the  designer  is  seeking  is  as  near  a  spherical  combustion  chamber 
as  possible ;  that  is,  one  having  the  least  surface  area  for  a  given 
volume.  The  most  direct  and  unrestricted  passages  for  the  in- 
coming and  outgoing  gases,  without  adding  to  the  mechanical 
complication  of  valve  operation,  is  also  desired. 

It  would  be  difficult  to  select  the  best  arrangement  of  the 
poppet  valves  shown  or  of  many  other  arrangements  possible. 
All  of  these  serve  their  purpose  well  and  the  continued  use  of 
this  type  of  valve  mechanism  is  an  indication  of  its  reliability  and 
success. 
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The  operation  of  a  poppet  valve  is,  however,  more  or  less 
noisv.  Much  of  this  noise  can  be  eliminated  by  g:ood  workman- 
ship, accurate  adjustments  and  specially  shaped  cams  and  follow- 
ers. The  quietness  .chained  in  this  way  is  more  or  less  temporary, 
however,  owinq-  to  the  fact  that  the  working-  parts  will  wear  and 
the  adjustments  get  out  of  order.  The  tendency  toward  the  use 
of  hig-h  speed-  motors  has  developed  another  imperfection  in  this 
type  of  valve  mechanism,  namely,  the  indefinite  openinc^  and  clos- 
ing of  the  valves  at  high  speed.  Tests  have  shown  that  there  is 
not  sufificient  time  for  the  spring  to  close  the  valve  at  high  engine 
speeds.  At  high  speeds,  therefore,  one  w'ould  expect  a  loss  of 
power  from  this  defect  in  the  functioning  of  the  valves,  due  most- 
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ly  to  the  exhaust  valve  holding  open  during  a  part  of  the  suction 
stroke.  This  condition  and  the  growing  demand  for  silent  opera- 
tion h^s  resulted  in  the  production  of  many  types  of  silent  and 
positive  valve  mechanisms.  A  few  of  them  have  been  built,  fewer 
of  them  have  been  tested,  and  still  fewer  have  been  adopted  by 
automobile  builders. 

In  searching  for  a  substitute  for  the  poppet  valve,  p:?rhaps 
the  most  obvious  solution  to  the  problem  is  the  substitution  of 
piston  valves  operated  from  an  eccentric  or  small  crank  shaft  in 
place  of  the  cam  operated  poppet  valves.  Up  to  this  time  none 
of  the  many  designs  of  this  type  which  have  been  produced  have 
been  taken  very  seriously  by  automobile  manufacturers.  As  a 
rule,  these  mechanisms  consist  of  one  or  more  pistons  reciprocated 
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in  a  valve  cylinder,  into  which  ports  from  the  working  c\linder 
have  been  cut.  These  ports  are  covered  and  uncovered  by  the 
piston  valve  during-  the  desired  period  of  valve  opening.  The 
location  of  the  valve  cylinder  with  reference  to  the  main  cylinder 
varies  in  these  designs  from  a  location  at  the  side  of  the  main 
cylinder  and  parallel  to  it  to  a  location  at  the  top  of  the  cylinder 
with  the  piston  valve  traveling  at  right  angles  to  the  main  cyl- 
inder. These  valves  are  made  gas  tight  by  the  use  of  spring 
rings  or  without  them  depending  more  or  less  upon  the  faith  of 
the  individual   designer. 

The  illustraticns  will  show  only  a  few  of  the  many  designs 
of  this  type  of  mechanism  now  being  considered. 

Fig.  6  is  what  is  known  as  the  Plewitt  engine  and  shows  the 
substitution  of  two  piston  valves  for  the  ordinary  poppet  valves. 

Fig.  7  shows  a  type  of  piston  valve  which  is  particularly 
interesting  because  of  the  method  of  operating  the  single  piston 
valve.  The  inlet  port  is  at  the  top.  and  the  exhaust  at  the  bottom. 
Since  the  opening  of  the  inlet  must  follow  immediately  the  closing 
of  the  exhaust  and  both  remain  closed  during  the  compression 
and  firing  strokes  of  the  main  piston,  it  is  necessary  for  the  piston 
valve  to  move  very  quickly  from  its  lowest  to  its  highest  position 
during  one  revolution  of  the  main  crank  and  to  dwell  or  remain 
practically  stationary  at  the  position  shown  during  the  next 
revolution. 

The  linkage  gives  this  travel  to  the  piston  without  the  use  of 
cam  or  springs.  The  shaft  "G"  runs  at  one-half  engine  speed. 
The  mechanism  is  patented  by  the  Wolseley  Co.,  of  England,  but 
is  not  being  used  in  their  standard  cars. 

In  this  connection  it  is  interesting  to  note  that  the  original 
Knight  sleeve  valve  engine  contemplated  the  use  of  some  such 
linkage  in  operating  a  single  sleeve  and  a  few  motors  were  built 
this  way.     The  limitations  of  such  a  valve  mechanism  are  obvious. 

Another  more  or  less  obvious  solution  of  a  quiet  and  positive 
valve  action  is  that  of  the  rotarv  valve,  and  manv  patents  on  this 
type  have  been  taken  out  by  designers. 

The  failure  of  this  type  of  valve  construction  on  stationary 
engine  designs  have  in  the  past  deterred  the  automobile  builder 
from  trying  it  out  on  automobile  motors.  Of  late,  however,  a 
number  of  valve  designs  of  this  type  have  been  described  in  the 
automobile  trade  papers  and  one  or  two  of  them  are  now  on  the 
market.  One  of  the  simplest  forms  of  this  valve  is  that  adopted 
by  the  Darracq  Co.,  and  was  patented  by  a  Frenchman  named 
lienroid. 

It  consists  of  a  cylindrical  shaft  or  sleeve  driven  at  half  the 
speed  of  the  main  shaft  and  located  at  one  side  of  the  en  bloc 
cast  cylinders.  A  semi-circular  notch  or  port  is  cut  in  this  sleeve 
opposite  each  cylinder  and,  as  the  sleeve  is  rotated,  alternately 
connects  the  cylinder  with  the  inlet  and  exhaust  ports.  By  a 
proper  location  of  these  ports  the  desired  timing  is  efifected.  In 
Fig.  8  the  four  section  views  of  a  cylinder  show  the  positions  of 
the  valve  shaft  at  the  various  points  in  the  cycle  of  operation.  The 
simplicity  of  the  mechanism  is  apparent,  but  a  consideration  of  the 
practicability   of   its   use   in   an   internal   combustion   engine   would 
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sug-g-est  a  difficulty  in  keeping-  valve  tight,  in  the  conditions  under 
which  it  would  have  to  be  used. 

This  valve  or  distributing  shaft  is  not  carried  directly  in  the 
casing  or  portion  of  cylinder  casting  in  which  it  revolves,  but  is 
supported  at  each  end  on  a  ball  bearing',  and  the  clearance  between 
the  valve  and  its  casing  is  said  to  be  about  1/20  of  a  millimeter. 

The  valves  are  made  gas  tight,  as  stated  in  the  makers'  cata- 
log-, owing-  to  a  circular  joint  of  an  ideal  plasticity  which  covers 
the  whole  surface  of  the  sleeve  and  revolves  with  it.  Just  how 
this  oil  film,  which  is  perhaps  what  is  meant  is  maintained,  and 
what  effect  the  alternate  heating-  and  cooling  of  the  valve  by  the 
exhaust  and  inlet  gases  would  have  on  it  is  not  apparent.  It  is 
interesting-  to  note  that  the  valve  shaft  is  located  below  the  top 
of  the  piston  travel  and  that  the  port  into  the  cylinder  is  more  or 
less  sealed  by  the  piston  when  at  the  top  of  its  stroke. 

The  Darracq  Co.  is  an  old  and  well  known  French  company, 
and  manv  of  these  engines  are  now  being-  manufactured.  (  )nc  of 
these  was  exhibited  at  the  late  New  York  show-. 

An  x\merican  production  with  somewhat  similar  valve  con- 
struction is  known  as  a  Meade  rotarv  valve  motor,  and  is  manu- 
factured by  the  Meade  Engine  Co.,  Dayton,  O. 

Fig.  9  shows  a  four-cylinder  motor  of  this  make,  in  which 
two  valve  shafts  extend  along  opposite  sides  of  the  en  bloc  cyl- 
inder casting.  Long,  narrow  slots  in  these  valve  shafts  register 
with  ports  of  equal  length  and  width  in  the  cylinder.  These  valve 
shafts  are  driven  at  one-fourth  the  speed  of  the  main  crank  shaft. 
One  of  them  serves  for  the  inlet  valve  and  the  other  serves  for 
the  exhaust  valves.  The  shafts  are  of  cast  iron  and  are  cooled 
by  the  water  jacketting  of  the  cylinder.  The  shafts  take  their 
bearing  directly  on  the  cylinder  casting,  and  are  lubricated  by  the 
forced  introduction  of  oil  at  points  between  the  cylinders  and  at 
the  ends.  The  clearance  between  the  shaft  diameter  and  the  bore 
of  its  casing,  is  said  to  be  one  and  one-half  thousandths  except 
at  the  points  through  which  the  ports  of  slots  are  cut,  and  for 
this  distance  the  valve  is  relieved  a  trifle  more.  No  effort  is  made 
to  seal  these  valves  other  than  by  the  fit  between  the  surfaces. 
Being  rotated  at  but  one-fourth  the  engine  speed,  the  rotative 
speed  of  these  shafts  is  comparativelv  low  even  at  high  engine 
speeds.  Mg.  10  shows  one  of  the  valve  shafts  of  this 
engine.  Xumerous  and  satisfactory  tests  arc  said  to  have  been 
made  with  these  engines,  but  up  to  the  present  time  the  motor  has 
not  been  adopted  by  any  of  the  American  aut  niobile  manufac- 
turers. 

A  very  diff'erent  tvpe  of  rotary  valve  is  shown  in  I'^ig.  11. 
This  valve  consists  of  a  flat  disc  seating  inside  the  cylinder  head. 
An  opening  in  the  damper-like  disc  is  made  to  register  with  the 
inlet  and  exhaust  ])orts  in  the  cylinder  casting  above  it.  The  disc 
is  rotated  b}  a  vertical  shaft  extending  upward  through  the  center 
of  the  cylinder,  and  is  driven  by  a  spur  gear  at  one  engine  speed. 
The  illustration  shows  the  general  location  of  this  disc,  and  the 
general  arrangement  of  the  operating  mechanism.  The  shape  of 
the  opening  in  the  disc  is  shown,  which  is  also  the  shape  of  the 
ports   in  the   cylinder   casting.      A   very   direct   passage   iov  the   in- 
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coniiui^  and  outgoing-  gases  is  provided. 
Fig.    12    shows   views    looking    down 
^  on  the  top  of  the  motor,  and  up  through 

the  cylinders. 

It  would  seem  that  the  action  of 
I  he  valve  would  be  at  a  disadvantage 
ow  ing  to  its  entire  exposure  to  the  heat 
and  pressure  of  the  explosion,  and  the 
fact  that  it  would  be  very  difficult  to 
maintain  any  lubrication  between  the 
disc  and  its  seat.  Trouble  froiu  this 
cause  is  said  to  be  avoided  by  careful 
water  jacketing  of  the  heads,  and  prop- 
er lubrication  of  the  valves  by  a  forced 
feed  system.  This  motor  is  known  as 
the  Reynolds  motor,  and  is  manufac- 
tured by  the  Reynolds  Engine  Co.,  De- 
troit. 

Many  variations  of  the  damper-like 
valves  are  being  tried  out.  In  one  con- 
struction the  valve  is  located  in  the 
same  place,  but  conical  in  shape,  a 
larger  port  opening  being  possible  in 
this  construction  for  a  given  size  of 
cylinder.  Still  another  type  shows  two 
discs,  one  on  top  of  the  other,  but 
(h'iven  independent  of  one  another,  and 
ill  opposite  directions. 

A  type  of  valve  mechanism,  which 
combines  both  the  rotarv  and  recipro- 
cating motions,  is  shown  in   Fig.   13. 

The  Argyll  motor,  shown  here,  is 
an  English  design  that  was  exhibited 
at  the  last  Olympic  show  in  London, 
and  is  being  supplied  in  ArgvU  cars, 
manufactured  by  the  Argyll  Co..  Ltd., 
Glasgow,  Scotland.  It  has  been  favor- 
ably commented  upon  by  the  English 
trade  papers,  and  to  say  the  least,  is  a 
very  ingenious  design.  Its  valve 
mechanism  consists  of  a  single  sleeve 
concentric  with  the  piston,  which  is  ro- 
tated slightly  while  being  given  a  slid- 
ing up  and  down  motion,  a  point  on  the 
surface  of  the  sleeve  passing  through 
?=\  an  elliptical   path.      This  motion   is  giv- 

en to  the  sleeve  by  a  mechanism  which 
is  hard  to  describe  without  reference  to 
the  illustration. 

The  gear.  B.  is  revolved  at  one-half 

engine  speed.      The  axis  of  this  gear  is 

in  line  with  the  center  line  of  the  sleeve, 

_^^^^^^^^^    but   at   right   angles  to  it.   a   pin   acting 
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as  a  crank,  but  held  in  the  sleeve  by  a  vertical  iiivot,  raises  and 
lowers  the  sleeve  as  the  gear  revolves  and  at  the  same  time 
gives  t:)  the  sleeve  a  rotary  action,  the  ])in  sliding 
in  and  out  of  the  gear  to  permit  this  movement. 
Certain  ports  in  the  sleeve  are  made  to  register  at  the  proper 
time  with  inlet  and  exhaust  ports  in  the  cylinder.  The  construc- 
tion of  the  sleeve,  the  cylinder  and  the  cylinder  head  is  not  unlike 
that  of  the  Knight  motor,  and  these  parts  of  the  motor  are  shown 
in  the  illustration.  The  irregular  shape  of  the  ports,  together 
with  the  combined  rotary  and  reciprocating  motion  of  the  sleeves, 
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give  an  interesting  valve  diagram,  an  unusually  quick  opening 
and  closing  of  exhaust  and  inlet  ports  being  claimed  for  this 
mechanism.  It  is  said  that  no  trouble  is  experienced  from  lubri- 
cating and  cooling  the  valve  mechanism,  and  that  the  lapping  mo- 
tion of  the  sleeve  materially  assists  in  its  lubrication. 

Fig.  14  shows  the  sleeve  and  some  of  its  operating  parts. 

So  far  as  known,  no  concerns  other  than  the  Argyll  Co.  are 
using  this  valve  mechanism,  although  considerable  eftort  is  being 
made  to  market  licenses  for  its  use. 

The  next  and  last  valve  mechanism  to  be  described  is  that 
invented   by   Charles   Y.   Knight.      It   is  the  first  of   the   so-called 
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silent  valve  mechanisms,  to  be  adopted  by  automobile  builders, 
and  up  to  the  present  time  is  the  only  type  to  be  adopted  by  other 
than  the  original  makers.  Designed  by'^Ir.  Knight  and  original! v 
incorporated  in  a  motor  known  as  the  Silent  Knight,  manufactured 
in  a  small  way  in  Chicago,  this  type  of  valve  mechanism  was 
adopted  in  1908  by  the  Daimler  Motor  Co.,  of  England.  It  has 
since  been  adopted  by  the  Panhard  Co.,  of  France,  the  Alercedes 
Co.,  of  Germany,  and  the  Alinerva  Co.,  of  Belgium,  and  the 
Russell  Co.,  of  Canada. 

In   this   country,    the   Knight   valve   mechanism    is   being   used 
by  the  Stearns.  Columbia.  Stoddard.  Dayton  and  Atlas  companies. 


FIG.    12 


The  illustrations  show  the  application  of  this  valve  mechanism  to 
a   Stearns-Knight  motor. 

The  Knight  valve  mechanism  consists  of  two  concentric 
sleeves  sliding  up  and  down  between  the  walls  of  the  piston  and 
cylinder.  Certain  slots  in  these  sleeves  register  with  one  another, 
and  with  inlet  and  exhaust  ports  in  the  cylinder  at  proper  inter- 
vals, to  give  the  desired  valve  functioning. 

Fig.  15  shows  a  cross-section  through  the  center  line  of  one 
of  the  cylinders,  and  shows  the  construction  of  the  cylinder, 
sleeves  and  head. 

It  will  be  noted  that  the  two  sleeves  are  operated  independent- 
ly by  small  connecting  rods,  working  from  an  eccentric  or  small 
crank  shaft  running  lengthwise  of  the  motor.  This  eccentric 
shaft  is  positively  driven  bv  a  silent  chain  at  one-half  the  speed 
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of  the  crank  shatt  The  eccentric  pin  operatino-  the  niner  sleeve 
IS  given  a  certaui  lead  or  advance  over  that  operating  the  outer 
sleeve  The  movement  of  these  sleeves  can  best  be  seen  in  Fig 
1 0  Here  the  various  positions  of  the  sleeves  during  two  coni- 
plete  revolutions  of  the  crank  shaft,  are  shown  bv  the  seven 
diagrams.  -  ^^t^^en 

In  the  first  diagram  the  piston  is  just  past  its  top  center  and 
IS  starting  down  on  its  inlet  stroke.  The  inner  sleeve  is  at  the 
bottom  of  Its  travel  and  moving  slowly  upward,  the  outer  sleeve 
is  about  midway  m  its  travel  and  is  moving  downward  rapidlv 
The  opening  trom   the  carbureter  through  the   inlet   port   into  the 


FIG.    14 

cylinder  i.s  a  rapidly  increasing  space  between  the  upper  edge  of 
the  slot  in  the  inner  sleeve  and  the  lower  edge  of  the  slot  in  the 
outer  sleeve.  By  the  time  the  piston  is  a  little  more  than  half 
way  down  on  the  suction  stroke,  the  inlet  passage  is  wide  open, 
as  shown  in  the  second  diagram.  The  outer  sleeve  is  now  at  the 
bottom  of  its  stroke  and  moving  verv  slowlv.  the  inner  sleeve  is 
gaining  in  speed  moving  upward,  and  the  i'niet  is  closed  bv  the 
lower  edge  of  the  inner  sleeve  slot  in  passing  the  lower  edge  of 
the  junk  ring,  as  shown  in  the  third  diagram.  The  inner  sleeve 
continues  to  move  up  with  the  piston  on  its  compression  stroke, 
the  rings  in  the  head  and  piston  tightly  sealing  the  compression 
space,    until    the    explosion    occurs.      The    sleeves    and    piston    are 
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then  in  position  shown  in  the  fourth  diagram.  About  two-thirds 
of  the  w^ay  down  on  the  explosion  stroke  of  the  motor  the  exhaust 
passage  begins  to  open.  The  inner  sleeve  is  moving  down  with 
the  piston,  and  the  passage  is  between  the  lower  edge  of  the 
inner  sleeve  slot  and  the  lower  edge  of  the  junk-ring  in  the  head, 
the  outer  sleeve  being  practically  stationary  at  the  top  of  its 
stroke.  The  outer  sleeve  starts  on  its  downward  stroke,  and, 
gaining  in  speed  as  the  inner  loses,  leaves  a  clear  opening  for  the 
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exhaust.  The  piston  is  now  one-third  up  on  its  exhaust  stroke, 
and  the  passage  is  closed  by  the  upper  edge  of  the  outer  sleeve 
slot  in  passing  the  lower  edge  of  the  exhaust  port  in  the  cylinder, 
as  the  piston'"  reaches  its  top  center.  The  four  cycles  or  strokes 
cf  the  engine  (suction,  compression,  explosion  and  exhaust)  have 
now  been  completed  ;  the  crank  has  turned  twice ;  the  eccentrics 
have  driven  the  sleeves  once,  and  the  cycle  of  operation  is  now 
ready  to  be  repeated. 

The  timing  shown   is  not   different   from   that   ordinarily   used 
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in  poppet  valve  engines.  Any  timing-  of  the  valves  can  be 
secured,  however,  by  varying  the  "lead"  between  the  eccentrics 
that  operate  the  two  sleeves  and  by  properly  locating  the  slot  in 
the  sleeves.  The  amount  of  valve  opening  is  practically  unlimited 
and  is  governed  by  the  width  of  slot  in  the  sleeves  and  the 
"throw"  of  the  eccentrics  that  drive  and  determine  the  travel  of 
the  sleeves. 

The  valve  area  need  not  be  much  greater  than  that  of  a  pop- 
pet valve.  The  equivalent  of  increased  valve  area  is  gained,  how- 
ever, by  the  directness  of  the  valve  openings  and  the  absence  of 
restrictions  in  the  gas  passages  made  possible  by  this  construction. 

The  fourth  diagram  of  Fig.  16  shows  that  the  compression 
space  is  contained  entirely  within  the  inner  sleeve  and  that  the 
fit  or  clearance  between  the  sleeves  has  no  eiTect  either  on  the 
amount  of  the  compression  or  upon  the  tightness  of  the  compres- 


FIG.    17 


sion  space.  The  diagram  also  shows  the  general  shape  of  the 
combustion  chamber.  It  is  evident  that  a  minimum  amount  of 
surface  is  presented  for  the  volume  contained,  so  that  the  ideal 
spherical  shape  desired  in  gasoline  motors  is  approximated. 

The  simplicity  of  the  entire  valve  mechanism  is  apparent. 
The  number  of  parts  are  few.  All  the  working  surfaces  are  cyl- 
indrical. The  bearing  surfaces  are  large  and  easily  fitted,  and 
with  a  fair  amount  of  lubrication  should  last  indefinitely.  The 
operation  and  movement  of  the  parts  present  no  new  principle 
in  mechanics. 

The  operation  of  these  sleeve  valves  is  absolutely  quiet,  ac- 
curate, efficient,  and  absolutely  the  same  at  all  speeds  of  the 
engine. 

Fig.  17  shows  the  general  arrangement  and  structural  features 
of  a   Stearns-Knight  motor.      It  varies   in   design   from  the   other 
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motors  using  the  Knight  type  of  valves  in  detail  only.  The  lubri- 
cation and  cooling  devices  are  not  different  from  those  in  poppet 
valve  motors. 

The  Knight  type  of  valve  mechanism  is  described  in  more 
detail  both  because  definite  information  is  available  and  because 
of  its  prominence  in  the  automobile  industry  at  the  present  time. 

It  is  sure  that  further  development  along  some  of  the  lines 
indicated  is  possible.  What  has  already  been  accomplished  by 
Knight  has  concentrated  the  attention  of  designers  upon  the  valve 
mechanism  of  the  automobile  motor.  In  their  search  for  quietness 
efficiency  has  been  found  far  in  excess  of  that  possible  with  the 
old  type  of  valve  mechanism. 

The  results  so  far  obtained  are  but  an  illustration  of  the  old 
adage  that  a  cam  and  a  spring  are  the  last  resort  of  a  designer 
and  that  noise  in  any  mechanism  is  but  an  evidence  of  inefificiency. 


■.MOTOR-STARTIXG  DEVICES 
By  Harold   B.   Axderson 

Starters  have  become  such  an  element  in  the  sale  of  cars  and 
also  the  conversation  of  the  neophyte,  that  one  is  almost  led  to 
believe  them  of  recent  invention. 

The  necessity  for  a  motor-starting  devic-e  has  undoubtedly 
been  forcibly  impressed  upon  the  minds  of  all  early  investigators 
of  internal  combustion  motors.  Inventors  and  experimenters  con- 
sidered the  ultimate  to  have  been  attained  when  finally  they  made 
their  motors  run,  overlocking,  possibly,  that  they  had  been  cranked 
a  sufficient  number  of  times  previously  to  amount  to  dsys  of 
operation.  It  has  been  said  that  brakes  on  pioneer  automobiles 
were  an  afterthought,  for  standing  still  almost  all  the  time,  the 
necessity  for  further  assistance  to  this  end  was  not  apparent. 
Thus,  the  brake  or  stopper,  long  preceded  the  starter. 

"Starter"  and  "self-starter"  have,  through  public  acceptance, 
been  applied  to  all  devices  that  assist  in  the  process  of  getting 
the  motor  under  way,  and  may  be  divided  into  two  general  classes, 
kinetic  starters  and  potential  starters.  Kinetic  devices  owe  their 
development  to  engineers,  while  those  of  the  potential  type  owe 
their  existence  principally  to  the  fact  that  the  addition  of  water 
to  calcium  carbide  forms  acetylene  gas.  This  gas  was  first  isol- 
ated by  Prof.  Edward  Davy  in  1836  and  called  Klumene. 

Kinetic  starters,  by  various  and  diverse  means,  produce  rota- 
tion of  the  crank  shaft,  depending  upon  the  motor  functions  to 
succeed  such  action.  They  assume  that  a  combustible  gasoline 
mixture  will  enter  the  cylinder  and  be  ignited  during  the  resultant 
motion.  Such  mechanisms  are  cranking  devices  and  not  starters, 
whether  electrically,  mechanically  or  manually  operated. 

Potential   starters   depend   upon   having  present,   or   placing   in 
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tlie  cylinders,  a  combustible  mixture  of  some  hydro  carbon  and 
air,  then  in  common  parlance  to  "start  on  the  spark".  They  are 
priniing  devices  only  and  depend  upon  ig^nition  to  start,  and  car- 
burization  to  follow  immediately. 

A  started  motor  assumes  three  things  as  having-  occurred — 
rotation  of  the  crank  shaft,  proper  carburization  and  ignition  of 
the  charges.  Eliminating  any  one  element  precludes  a  started 
motor,  and  for  that  reason  it  is  asserted  that  the  classification  of 
cranking  devices  and  priming  devices  is  correct. 

As  long  ago  as  1899,  stationary  engines  were  equipped  with 
a  hand  pump  to  force  a  charge  into  the  engine  cylinder.  This 
was  fired  by  striking  a  rod  which  ignited  a  match  in  the  cylinder. 
Charter,  in  1892,  received  a  patent  upon  a  gasoline  pump  starter. 
Ignition  of  gun  powder  by  an  electric  spark  was  patented  in  1899, 
and  12-gauge,  300-grain  cartridges  were  used  by  the  Wolseley 
Co.  in  England  in  1904,  to  start  large  motors.  The  spring  engine 
starter  is  recorded  in  the  Patent  Ofiice  in  1900,  while  electric 
motor  and  compressed  air  devices  were  old  at  this  time. 

Quite  a  diversity  exists  in  manually  operated  mechanisms.  We 
have  the  well  known  starting  crank  and  various  forms  of  ratchet 
movements  operated  from  the  driver's  seat,  either  by  hand,  or  by 
foot  pressure  to  intermittently  actuate  the  crank  shaft. 

At  the  Paris  Salon,  in  1905,  there  were  several  "self-starters" 
displayed.  The  Societe  Mors  exhibited  one  consisting  of  a  hand 
pump,  which  in  operation  forced  a  gasoline  mixture  into  the  cyl- 
inders and  was  afterward  "started  on  the  spark".  The  crank  was 
entirely  omitted,  but  was  undoubtedly  within  easy  access. 

Cornilleau  and  St.  Beuve  displayed  a  ratchet,  connected  to  a 
helical  spline  on  the  clutch  shaft,  which  at  each  movement  of  the 
clutch  pedal,  turned  the  motor  about  one-eighth  of  a  revolution. 
De  Deitrich  was  equipped  with  the  Letombe  device,  consisting  of 
a  small  air  compressor  used  to  charge  a  tank  and  having  on  its 
shaft  a  distributor  valve  synchronized  with  the  motor  so  as  to 
properly  admit  air  successively  to  each  of  the  four  cylinders  on 
its  firing  stroke.  Saurer  also  showed  a  similar  air  starter.  Brasier 
had  a  hand  mechanism,  operated  by  the  pulling  of  a  cable  attached 
to  a  ratchet  for  cranking  the  motor.  Renault  had  a  rack  and 
pinion,  operated  by  a  two-cylinder  opposed  engine  starter  called 
the  Cinogene,  actuated  by  an  SOO-pound  pressure  tank  of  carbonic 
acid  gas.  Henri  Pieper  displayed  a  gasoline-electric  vehicle 
(called  the  Auto-Mixte)  with  a  storage  battery,  which  accomp- 
lished the  starting  electrically,  using  storage  batterv  current  to 
operate  the  motor-generator  set  as  a  motor  to  start,  and  after 
starting,  to  recharge  the  batteries  and  also  operate  an  electric 
motor  that  culminated  the  drive  to  the  rear  wheels.  In  Paris, 
during  the  December  Show  of  1903,  the  Compagnie  de  1'  Indus- 
trie Electrique,  of  Geneva,  also  presented  such  a  combination. 

At  the  Chicago  Automobile  Show  in  1906,  the  Harrison  car 
exhibited  a  device  for  "starting  on  the  spark"  after  previously 
admitting  acetylene  into  the  cylinders. 

The  foregoing  indicates  that  as  the  general  ideas  involved 
in  all  the  present  day  starters  are  old,  acceptance  is  due  to  their 
development   rather  than  anticipation  or  invention. 
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Piiciuiiafic  Type 

Two  general  types  of  air  starters  are  in  use.  those  admitting 
air  to  the  internal  combustion  motor  cylinders  to  produce  motion 
and  those  providing  a  separate  air  motor  for  this  purpose.  The 
latter  type  has  not  generally  proven  satisfactory,  inasmuch  as 
while  acting  as  a  compressor,  its  ratio  to  motor"  speed  is  about 
1/5,  while,  as  an  air  motor,  the  ratio  must  be  more  nearly  10/1, 
to  crank  the  engine.  Renault  in  Europe,  and  several  in  America' 
attempted  such  a  device  with  a  gear  change  mechanism  to  obtain 
these  ratios. 

Until  the  A\'inton  motor  of  1907,  an  air  starter  of  the  former 
type  was  not  a  success,  inasmuch  as  in  this  system,  where  the 
engine  piston  receives  the  pressure,  the  air  must  necessarily  be 
admitted  on  the  firing  stroke,  and  cut  ofif  previous  to  the  exhaust 
valve  opening.  The  exhaust  valve  opens  approximately  45  de- 
grees previous  to  the  stroke  completion  and  the  flywhe'el  would 
not  carry  over  the  other  45  degrees  on  four-cylinder  motors. 
Pipes  of  greater  capacity  were  used  to  accomplish  the  acceleration 
more  rapidly  so  that  the  flywheel  could  carry  over  the  interval 
until  the  next  cylinder  was  under  air  pressure.  The  main  dif- 
ficulty was  that  at  the  time  the  air  was  cut  off.  another  cylinder 
was  reaching  its  maximum  of  compression.  Chalmers  and  others 
building  four-cylinder  cars,  for  this  reason  provide  a  relief  port 
in  the  air  distributor  communicating  with  the  atmosphere.  With 
a  six-cylinder  motor,  where  ignition  and  other  duplicated  func- 
tions succeed  each  other  every  120  degrees,  we  find  that  it  is  pos- 
sible to  have  air  pressure  upon  two  "pistons  at  one  time,  which 
assures  a  continuous  crank  shaft  rotation  until  the  air  supply  is 
exhausted.  Thirty  pounds  will  rotate  the  motor  and  only  10 
pounds  is  a  very  great  assistance  if  the  crank  is  to  be  used.  Air 
is  obtained  in  two  ways,  -either  by  a  compressor  or  bv  taking  ofif 
part  of  the  gas  at  the  time  of  ignition.  The  first  method  entails 
a  clutch  operated  mechanism  to  disconnect  the  compressor  when 
the  tank  pressure  is  sufficient  (an  unloading  intake  not  being 
equal  to  the  occasion)  to  relieve  the  pump.  Bv  this  method,  pres"- 
sure  can  be  obtained  up  to  full  tank,  while  the  car  is  stationarv. 
The  second  method  of  taking  pressure  from  the  cylinders  cannot 
put  as  great  a  pressure  in  the  tank  as  is  obtaining  in  the  cylinder 
at  the  time.  Its  means  to  charge  the  tank  is  simplv  a  cylinder 
exit  check  valve  with  a  pipe  connected  to  the  accumulator  or  tank. 
At  each  ignition,  a  small  volume  under  pressure  enters  the  tank 
and  is  retained.  Running  idle,  30  pounds  is  normally  produced, 
but  by  proper  manipulation,  it  will  reach  80  pounds.  Under  motor 
load.  200  pounds  may  be  obtained. 

The  intake  to  the  individual  cylinders  is  either  an  inpassage 
check  in  each  line  from  the  synchronized  distributor  valve  or  a 
positively  operated  valve  in  each  cylinder,  simultaneously  opened 
during  the  synchronized  distributor  air  admission.  The  latter  type 
must  be  used  together  with  compression  release  on  four-cylinder 
motors,  as  the  air  must  pass  in  both  directions,  which  precludes 
the  use  of  a  check  valve.  In  air  starters,  the  air  must  be  admitted 
just  after  the  piston  is  over  the  upper  center.  All  air  starters 
will  function  more  certainly  if  the  spark  is  advanced  just  enough 


so  as  to  ignite  the  charge  previous  to  the  air  admission,  inasmuch 
as  the  actuating  cylinder  has  previously  performed  the  functions 
of  suction  through  the  carbureter,  and  the  compression  of  the 
charge.  The  admission  of  fresh  air  or  spent  gas  previous  to  igni- 
tion would  dilute  the  contained  mixture  and  impair  its  efficiency 
as  a  combustible. 

Earlx  Starters 

In  stationary  work,  early  motors  were  equipped  with  half 
compression  cams  and  the  air  inlet  valve  to  start  the  engine  was 
timed  by  a  hand  operated  lever,  as  was  the  first  steam  engine 
valve  gear. 

Previous  to  1900,  Hornsby  Ak}Toyd  used  a  hand  pump  to 
fill  a  tank  and  then  allowed  the  accumulated  tank  pressure  to  start 
the  motor,  avoiding  the  use  of  a  powTr  compressor. 

Fielding  used  the  motor,  as  it  was  stopped  to  act  as  an  air 
compressor  to  charge  a  tank,  for  the  purpose  of  starting. 

Lanchester  and  Green  utilized  a  flame  starter.  After  charg- 
ing the  cylinder  with  gas  and  air,  an  outside  flame  fired  back  into 
the  cylinder  through  a  small  orifice,  ignition  instantly  following. 
The  piston  area  being  so  much  greater  than  that  of  the  small 
orifice,  motion  ensued  in  spite  of  leakage. 

Stockport  in  1882.  admitted  gas  to  a  hot  tube,  which  produced 
self-ignition  of  the  charge  and  resulted  in  motion  to  the  crank 
-shaft! 

Tangye  admitted  a  combustible  charge  to  the  cylinder,  placed 
the  crank  shaft  in  motion  and  then  ignited  the  contained  mixture. 

Electrical  Starters 

Electrical  starters  consist  of  an  unit  dynamo-motor,  driven 
by  the  engine  and  in  circuit  with  a  storage  battery.  While  the 
engine  is  in  operation,  the  batteries  are  being  charged  and  also 
current  for  electric  lights  and  ignition  is  supplied.  To  start  the 
engine,  the  battery  operates  the  combined  instrument  as  a  motor 
and  cranks  until  the  engine  follows  its  natural  functions. 

Some  mechanisms  of  this  type  contain  a  sufficient  number  of 
clutches,  gear  change  mechanisms,  recording  meters,  indicating 
meters,  and  complicated  circuits  to  baffle  a  session  of  mechanical 
and  electrical  engineers,  in  the  solution  of  trouble. 

The  White  electrical  starter  exemplifies  a  verv  simple  and 
complete  solution  of  the  problem,  inasmuch  as  a  reversal  of  arma- 
ture rotation,  assemblage  of  meters,  and  other  laboratory  appar- 
atus is  entirely  eliminated.  All  that  is  necessary  to  observe  is 
that  the  battery  condition  conforms  to  the  hydrometer  standard, 
which  is  to  be  occasionally  tested.  The  electrical  starter  is  inde- 
pendent as  to  the  number  of  cylinders,  excepting  as  regards  the 
necessary  electric  power  to  operate  the  motor  to  overcome  its 
natural  resistance,  due  to  friction  and  compression.  Electrical 
starters,  and  all  others,  assume  the  sequence  of  the  necessary 
motor  functions.  Their  limitation  as  a  cranking  device  is  the 
battery  capacity. 
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Acctylcnc-GasoVmc  Primers  or  Ignition   Starters 

All  ig-nitinn  starters  are  better  on  four  than  six-cylinder  mo- 
tors, due  to  the  compression  resistance,  friction  resistance,  and 
mainly  the  fact  that  only  one  cylinder  produces  an  impulse.  This 
one  impulse  in  a  six-cylinder  motor  must  overcome  the  resistance 
of  five  cylinders,  while  with  a  four-cylinder  motor,  that  of  but 
three,  showinsr  as  5  is  to  3  in  favor  of  the  four-cylinder  motor. 
In  cold  weather,  the  oil  bein^^  of  moderate  cold  test  exerts  a  con- 
siderable effort  to  prevent  rotation,  and  interfere  with  satisfactory 
action. 

Gas  starters  depend  mainly  upon  two  properties  of  acetylene 
gas.  First,  being  of  about  96  per  cent  of  the  specific  gravitv  of 
air ;  second,  that  its  range  of  inflammability  is  great,  being  from 
about  ZYz  to  85  per  cent.  A  spark  is  essential  for  their  operation. 
Several  devices  using  gasoline  vapor  are  on  the  market  and  their 
operation  applies  to  gas  starters  equally,  excepting  that  gasoline 
vapor  explosibility  is  but  from  2V<  to  4^  per  cent.  The  mixture 
of  acetylene  gas  and  air  in  the  cylinder  is  either  obtained  bv  the 
motor  suction  upon  stopping,  a  hand  pump  injector  to  the  cyl- 
inders, or  the  gas  tank  contents  through  a  distributor  valve  are 
admitted  directly  to  the  cylinder.  To  start,  it  must  be  assumed 
that  the  crank  shaft  is  not  on  dead  center,  that  the  ignition  is  in 
range  to  produce  a  spark  in  the  cylinder  readv  to  fire,  and  that 
the  administered  mixture  will  reach  the  plug,  producing  a  turning 
effort  sufficient  to  rotate  the  motor  until  it  picks  up  its  natural 
cycle. 

Several  gas  starters  have  proved  very  satisfactory,  but  gen- 
erally are  not  in  the  class  with  the  kinetic  devices,  particularJv  if 
the  latter  type  is  augmented  by  a  more  suitable  fluid  than  com- 
mercial gasoline. 

All  ignition  or  potential  starters  depend  upon  "starting  on  the 
spark",  so  frequently  termed  "starting  on  compression".  A  motor 
having  the  faculty  of  starting  on  the  spark  will  do  it  equally  well 
if,  before  attem])ting  the  operation,  the  pet  cocks  are  opened  so 
as  to  entirely  relieve  all  compression  in  the  cylinders. 

The  complication,  multiplicity  of  parts  and  mental  concentra- 
tion necessary  to  the  operation  of  some  starters  really  makes  one 
wonder  whether,  after  all,  the  means  warrant  the  end  attained. 


Discussion 

Mr.  Souther: — 

Gentlemen,  it  is  a  great  pleasure  for  me  to  come  here  and 
appear  before  a  body  of  engineers  who  are  taking  hold  of  a 
subject  as  you  have  tonight. 

Aly  only  criticism  is  that  you  have  undertaken  a  great  deal  in 
the  subjects  you  have  chosen  for  discussion.  Any  one  of  them 
would  occupy  a  day  for  discussion  at  one  of  the  regular  meetings 
of  the  Society  of  Automobile  Engineers.  There  is  much  food 
for  thought  and  discussion  and  a  great  deal  of  practical  interest 
to  maker,  user  and  all-around  practical  engineer. 
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It  is  a  privilei^-c  to  l)e  alive  just  now  and  watch  the  evolution 
of  what  is  miscalled  the  valveless  motor.  1  )m'inM-  the  last  25 
years,  more  or  less,  we  have  all  become  used  to  the  idios\ncrasies 
of  the  ]joppet-valve,  just  as  we  have  to  those  of  a  horse.  If  a 
horse  kicks  or  bites,  we  dodg'e  and  say  nothing-,  and  if  a  poppet- 
valve  motor  does  somethino-  irre^^'ular,  we  say  nothing-.  W'c  have 
become  used  to  such  things. 

A  change  is  coming  and  I  think  I  may  say  that  it  has  come. 
Positive  operation  is  possible  with  the  non-poppet-valve  motor.  In 
addition,  extreme  quietness  is  assured. 

Quietness  must  follow  any  construction  where  the  number  of 
reciprocating  parts  is  small.  With  the  Knight  form  of  engine,  so 
well  described  by  Mr.  Sterling,  the  noise  from  reciprocating  parts 
is  minimized. 

With  the  single  rotating  valve,  spoken  of  bv  Mr.  Sterling, 
Darracq,  and  with  the  Mead  tv\'in  rotary  valves,  also  mentioned, 
there  are  no  reciprocating  parts  used  in  connection  with  the  valve 
operation  and  this  is  a  step  in  advance  over  anv  other  form  of 
valve  operating  mechanism.  Whether  the  rotating  valve  is  the 
ultimate  valve  is  still  a  question  which  only  time  can  answer  and 
very  likely  the  public  also  will  have  something  to  sav  about  it. 

The  question  of  power  is  well  worth  considering.  The  pop- 
pet-valve is  limited  in  its  power,  largely  by  the  inertia  of  the 
rapidly  reciprocating  parts.  The  positive  rotating  valve  or  the 
positive  sliding  sleeve  is  not  limited  in  power,  as  the  inertia  is  pos- 
itively overcome  instead  of  being  partly  overcome  by  cam  and 
spring.  Right  here  there  is  something  for  our  engineers  to  think 
about. 

With  the  poppet-valve  motor  the  crank  case  and  co-operating 
parts  need  only  be  designed  to  take  care  of  speeds  and  powers 
up  to  1,500  revolutions  per  minute,  more  or  less.  Beyond  this 
the  power  developed  by  the  poppet-valve  motor  begins  to  drop  ofif, 
except  with  motors  of  special  design.  On  the  contrary,  the  pos- 
itively controlled  valve  engine  must  be  designed  to  take  care  of 
much  greater  horsepower,  because  the  horsepower  increases  as  a 
function  of  the  speed  up  to  unusual  speeds  of  2,000  to  2,500 
revolutions  per  minute.  Some  crank  cases  with  which  I  have 
come  in  contact,  have  not  been  designed  in  this  way  and  have 
promptly  kicked  themselves  to  pieces  at  high  speed.  This  is  not 
to  be  wondered  at  when  it  is  considered  that  the  normal  horse- 
power output  of  the  engine  is  considered  to  be  25  and  the  actual 
horsepower  output  at  1,700  or  1,800  revolutions  ])er  minute  was 
actually   40. 

Mr.  Sterling  raised  one  point  about  the  Knight  sleeve  valve 
and  stated  that  it  is  tight.  It  seems  to  have  proven  itself  tight. 
This  must  be  true,  inasmuch  as  the  Knight  engine  develops  the 
horsepower  at  all  speeds,  either  high  or  low.  If  there  were  any 
serious  leak,  these  valves  would  not  do  so. 

Mr.  Anderson  raised  the  point  that  pet  cocks  could  be  opened 
and  make  very  little  difference  in  the  speed  of  an  engine.  This 
is  true  and  is  important  as  indicating  that  it  takes  considerable 
time  for  a  gas  to  pass  through  any  aperture  at  high  speed. 

The  question  of  the  tightness  of  the  Mead   twin   rotarv   valve 
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has  hcLMi  raised.  In  considering;'  this,  it  must  be  renienihered  that 
these  valves  fit  the  bore  in  which  they  rotate,  with  only  three- 
fourths  of  one-thousandth  of  an  inch  between  the  walls  of  the 
bore  and  the  surface  of  the  valve  and  that  this  space  is  filled  with 
oil.  The  interval  of  time  between  cycles,  even  with  the  slow 
speed  of  cranking  a  motor,  is  very  short  and  the  oil  film  around 
a  rctary  valve  is  not  broken  down.  At  higher  speeds,  therefore, 
it  does  not  break  down. 

It  is  clear  from  the  horsepower  curves  that  there  is  no  such 
leakage,  inasmuch  as  if  produced  to  zero  r.  p.  m.,  the  horsepower 
curve  intersects  zero  verv  closely,  thus  showing  no  leakage. 

In  connection  with  the  poppet-valve  we  have  become  accus- 
tomed to  considering  the  leakage  around  such  a  valve,  where  the 
contact  between  valve  and  seat  is  only  a  narrow  surface  and  this 
surface  one  which  can  have  no  oil  on  it. 

All  this  must  be  forgotten  in  connection  with  the  considera- 
tion of  a  lubricated  valve  with  considerable  surface  in  contact. 

A  great  many  new  thoughts  have  got  to  be  considered  in 
connection  with  this  motor  development. 

There  is  much  more  that  might  be  said  as  to  the  evolution 
of  these  motors ;  about  horsepower,  valve  timings,  valve  openings, 
the  length  of  time  the  valves  remain  open,  etc.,  but  it  may  all  be 
briefly  stated  by  saying  that  with  any  of  these  valves  it  is  quite 
possible  to  give  sufficient  opening  area  for  anv  horsepower  that 
the  engine  is  capable  of  developing  and.  that  the  limitations  are 
not  as  great  as  with  the  poppet-valve. 

The  shape  of  the  cam  in  a  poppet-valve  engine  has  been  a 
subject  of  endless  study.  In  fact,  it  is  still  quite  possible  to  get 
up  an  active  discussion  on  that  subject  any  time  that  a  half 
dozen  engineers  get  together. 

Rotating  valves  on  the  contrary  can  be  most  accurately  de- 
signed,  timed  and   controlled. 
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AUTOMOBILE  MOTORS 


American  Machinist.  33:483-7,  574-9,  864-7,  Sept  15,  Xov.  It),  1911).— Auto- 
mobile Engine  Proportions.  l)y  A.  G.  Kessler  and  G.  W.  Lewis. 
Series  of  articles  based  on  the  average  practice  of  the  best  manufac- 
turers  in    the   United    States. 

Automobile.  24:28,  Jan.  5,  1911. — Flexibility  of  Motors.  The  horsepower 
rating  of  a  motor  should  not  be  considered  as  of  first  importance — 
flexibility  must  have  a  prominent  place   in  the  final   sum-up. 

-24:35-40,  Jan.  5,   1911.— Power  Calculation    for  Motors,   by   W. 


D.  Ennis.  Suggests  a  method  for  determining  the  (water-cooled)  cyl- 
inder dimensions  suitable  for  required  service  regardless  of  horse- 
power   rating. 

-24:263-73,    Jan.    26,    1911.— Technical    Review    of    Motors.      Re- 


view of  development,  discussing  types  and   features  of  design. 

-24:  1264-6,  June  8,   1911. — The   Speed   of   Reciprocating  Engines. 


First  installment  of  an  article  by  J.  L.  Napier  reprinted  from  the 
Automobile  Enr/ineer,  London.  Considers  the  limitations  of  speed  and 
the   factors  which   influence   it. 

24:1345-8,    June    15,    1911. — Vil)ration    in    Gasoline    Motors,    by 

A.  Cattanes.  Discusses  motor  balance  and  disturbing  moments, 
analyzing    conditions    in    a    four-cvcle    engine. 


July    6,    1911.— The    Coming    of    the    Silent    Motor,    by    T.    J. 

Fay.      First   of   a   series   of   articles   dealing   with   motor   problems,    par- 
ticularly  with   other  than   poppet  valves. 


Aug.    3,    1911. — Cooling    and    Efficiency. — Considers    advantages 

and   disadvantages   of   present   motors,   offering   suggestions   for   improv- 
ing their  efficiency.     From  La   Tech.  Auto,  et  Aerienne. 

-Nov.    9,    1911.— The    Long-Stroke    Motor    for    Cars,    by    W.    D. 


Ennis.  Explains  why  they  need  re-designing  and  urges  the  standard- 
izing of  the  r.  p.  m.  of  the  crank  shaft  rather  than  the  piston  speed 
in   estimating   the   horsepower. 

Batey,  John.  The  Motor  Car  and   Its  Engine,   1908.-621.3-135. 

Cyclopedia  of  Automobile  Engi)iecring.  1909,  v.  2,  p.  185-238.  Direct  Cur- 
rent Motors,  by  Louis   Derr.     621.3-C99. 

Engineering.  90:555-6,  Oct.  21,  1910. — Fast  Versus  Slow  Speed  Motors 
for  Cars.     Discusses   the   merits  of   the   two  classes  of   engines. 

Homans.  J.  E..  Motors  for  Electric  Vehicles;  and.  Practical  Points  on 
Motor  Troubles.     In   his   self-propelled  vehicles,    1908.      P.  421-36. 

Horseless  Age,  25:9-11,  Jan.  5,  1910. — Simplicity  the  Keynote  of  Engine 
Design,  by  C.  S.  Ricker.  Illustrated  review  of  the  tendencies  in  design 
exhibited  in  the  motors  shown  at  the  London  and  New  York  ex- 
hibitions. 

Schmidt,  O.  C,  ed..  Principles  of  Explosion  Motors;  and.  Electric  \'ehicles. 
In   his   practical  treatise   on    automobiles,    1911.     621.3-Sch5. 

White,  T.  H.,  Petrol  Motors  and  Motor  Cars.     Ed.  2,   1904.     621.4-93. 


282 


Society  Notes 

MIx\UTES    OF    MEETINGS 

Feb.   13.   1912. 

Regular  meeting  called  to  order  by  President  Roberts  at  7 :  45  p.  M. 
Present  about  80  members   and   guests. 

Minutes  of  Jan.  9  and  24  read  and  approved. 

Report  of  tellers  showed  the  election  of  the  entire  membership  ballot. 
(List  of  names  in  minutes  of  Jan.  9,  1912.) 

A  motion  was  made  by  Mr.  Fernald  to  have  a  transfer  of  $700.CO 
made  from  the  Permanent  Fund  of  the  Society  to  the  Commercial  Ac- 
count, and  vote  was  taken  in  favor  of  passing  this  to  letter  ballot,  as 
provided  by  the  Constitution. 

Applications  for  membership  were  received  and  passed  to  letter  ballot, 
as  follows : 

For  actiV'C  members  : — 

ViKGiL  D.  Allen  Henry  R.  Hadlow 

Frank  G.  Anderson  Eugene  Handler 

Eustace  E.   Blundell  George  R.   Harris 

WiLLARD  Brown  George  W.  H.  Helling 

Walter  N.  Crafts  Russell  T.  Kingsford 

Max  W.  Garnett  \Vm.  J.   Ralston 
Elverton    \V.    Weaver 

For   associate   members  : — 

William   A.   Armstrong  Arthur  W.   Gilson 

Mortimer  E.  Cooley,  Dean,  Department  of  Engineering,  University  of 
Michigan,  delivered  an  address  on  "Public  Utilities  and  Their  Relation  to 
the  Public".  A  discussion  followed,  in  which  the  following  persons  took 
part:     Messrs.   Abbott,   Paul,   Roberts,   Himes. 

A  vote  of  thanks   was  extended  to   Dr.   Cooley. 
Adjourned. 

F.   \V.    Hallakd, 

Secretary. 


Feb.   27,    1912. 
Special  meeting  called  to  order  by  Vice  President  Fernald  at  7:45  r.  m. 
Present  about  65   members   and   guests. 

Instead  of  the  paper  by  Prof.  J.  F.  Barker  on  "Technical  Education", 
scheduled  for  this  meeting,  Mr.  W.  P.  Blair,  Secretary  of  the  National 
Paving  Brick  Manufacturers'  Association,  gave  an  illustrated  talk  on 
"Some  Feautrcs  in  Connection  with  Street  Paving".  Through  inability  of 
Prof.  Barker  to  be  present,  Mr.  Blair  consented  to  give  his  address  at  this 
time. 

A  vote  of  thanks  was  tendered  Mr.   Blair. 
Adjourned. 

F.  W.   Ballard, 

Secretary. 


March    12.   1912. 

Regular  meeting  called  to  order  by  President  Roberts  at  7:45  v.  m. 
Present  about   75  members   and  guests. 

Minutes  of   Feb.   13  and  27  read  and  approved. 

Report  of  tellers  showed  the  election  of  the  entire  membership  ballot 
(list    of    names    in    minutes    of    Feb.    13,    1912>.    also    the    approval    <«t    the 
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transfer   of   $7U0.00   from   the    permanent    fnnd    of   the    Society   to   the    com- 
mercial  account. 

AppHcations  for  membership  were  received  and  passed  to  letter  ballot, 
as   follows : 

For  active  members  : — 

August  J.  Bohrer  Ben  F.  Hopkins 

John  B.  Day  Ernest   E.    Howell 

Frank  L.  Sessions 

For  associate  members : — 

Elbridge  G.   Dyer  Lester   L.    Stoffel 

For    corresponding   member  : — 

Frank  N.  Claflin 

The  President  announced  that  Mr.  Charles  W.  Wason  had  presented 
to  the  library  the  "Transaction  of  the  American  Institute  of  Electrical 
Engineers  from  1893  to  Date",  and  upon  motion,  duly  seconded,  a  vote  of 
thanks  was  extended  to  Mr.  Wason  for  his  gift. 

An  illustrated  paper  was  presented  by  Mr.  C  Eugene  Pettibone, 
Safety  Inspector,  Pickands,  Mather  &  Co.,  on  "Safety  as  Applied  to  En- 
gineering", following  which  Mr.  Beyer,  Safety  Inspector  of  the  American 
Steel  &  Wire  Co.,  supplemented  this  paper  with  an  illustrated  talk.  A 
lively  discussion  ensued,  in  which  the  following  persons  participated : 
Messrs.   Himes,   Carman,  Melendy,   Luckiesh,   Bach   and   Roberts. 

A  vote  of  thanks  was  extended  to  the  principal  speakers  of  the  evening. 

Adjourned. 

G.   S.   Black, 
Acting  Secretary. 


March  23,   1912. 

Special    meeting   called    to    order    by    President    Roberts    at    7 :  45    p.    m. 
Present   about  200   members   and   guests. 

The  subject  for  the  evening,  "A  Symposium  on  the  Automobile  Motor", 
was  taken  up  as  follows  : 

"The  Long-Stroke  Motor",  by  J.   B.  Entz,  of  the  White  Co. 

"\"alve  Mechanisms",  by  James  G.   Sterling,  of  the  B.   F.   Stearns   Co. 

"Motor-Starting    Devices",   by    H.    B.    Anderson,    of   the    Winton    Motor 
Carriage   Co. 

Following  the  presentation  of  these  papers,  Mr.   Henry   Souther,  of   the 
Meade  Engine  Co.,  Dayton,  O.,  gave  a  short  discussion  on   the   subject. 

A   vote   of  thanks  was  tendered  the   speakers. 

Adjourned. 

G.    S.    Black, 
Acting  Secretary. 


April    9,    1912. 

Regular  meeting  called  to  order  by  Past  President  Frazier  at  7 :  45 
p.   M.     Present  about  225  members  and  guests. 

Minutes   of   March   12  and  23   read   and   approved. 

Report  of  the  tellers  showed  the  election  of  the  entire  membership 
ballot   (list  of  names  in  minutes  March   12,   1912). 

Applications  for  membership  were  received  and  passed  to  the  Society 
for   letter  ballot  as   follows : 

For   active   members  : — 

Glenn    B.    Carman  Henry  W.    Petersen 

Otto  Konigslow,  Jr.  Herbert  V.   Schiefer 

Edwin  Nesbit  Harry  F.    Stratton 

For  associate  member  : — 

Eugene  R.  Seiter 
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As  required  b}^  the  Constitution,  due  notice  having  been  given  to  the 
members,   a  Nominating  Committee   was  appointed  as  follows  : 

Mr.  David  Gaehr,  Mr.  Willakd  Beahan 

Chairman  Mr.  Harry  Fuller 

Mr.  F.  C.  Osborn  Prof.  J.    F.   Barker 

Mr.  J.  H.  Herron  .  Mr.  C.    W.    Hopkinson 

Mr.  Herron  moved  that  the  ballot  be  closed  and  the  above  list  of 
names  be  appointed  by  acclamation.     The  motion  was  seconded  and  carried. 

The  program  consisted  of  a  series  of  papers  on  "The  Elimination  of 
Grade   Crossings",   as    follows : 

"Elimination  of  Grade  Crossings  from  the  City  Standpoint",  by  Robert 
Hoflfmann,   City   Engineer. 

"Elimination  of  Grade  Crossings  from  the  Railroad  Standpoint",  by 
Albert  J.  Himes,  Engineer  of  Grade  Elimination,  X.  Y.,  C.  &  St.  L.  R.  R. 
In  Mr.  Himes'  absence,  his  paper  was  presented  by  L.  V.  Gaylord  and 
G.   H.  Tinker. 

"Embellishment  of  Railroad  Crossings",  by  Frederick  W.  Striebinger, 
Architect. 

After   a   short   general   discussion,   meeting   adjourned. 

F.  W.  Ballard, 

Secretary. 


April   23,    1912. 
Special    meeting    called    to    order    by    President    Roberts    at   7 :  45    p.    u. 
Present  about   150  members  and  guests. 

The  President  introduced  the  speaker,  Mr.  Robert  R.  Abbott,  Metal- 
lurgical Engineer  of  the  Peerless  Motor  Car  Co.,  who  presented  an  illus- 
trated  paper   on   "Steel   and    Its   Heat   Treatment". 

Following  the  presentation  of  the  paper,  a  lively  general  discussion 
ensued,  which  consisted  largely  of  questions  by  members  and  visitors,  and 
answers  by  Mr.   Abbott. 

A   vote   of   thanks   was   tendered   the    speaker. 

G.  S.  Black, 
Acting  Secretary. 
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Smoke  Abatement  Committee 


Durino-  the  past  ten  years  the  City  of  Cleveland  has  made 
various  spasmodic  efforts  to  lessen  the  smoke  nuisance.  Noth- 
ing of  very  lasting  benefit  has  been  accomplished,  due  partly  to 
the  political  and  civic  uncertainties,  and  to  the  lack  of  any  ade- 
quate smoke  ordinance. 

One  of  these  causes  for  inefficiency  has  been  removed,  as  a 
new  ordinance  was  passed  by  the  council,  in  January  of  this  year, 
and  it  is  in  the  hope  that  we  may  minimize  the  general  evils 
inherent  to  a  municipal  system  of  handling  the  smoke  abate- 
ment, and  of  being  prepared  to  report  to  the  Society  the  status 
of  the  situation  from  time  to  time,  as  well  as  to  disseminate 
valuable  information  on  the  subject,  through  the  Journal  and 
other  means,  that  this  committee  has  been  formed. 

We  believe  that,  in  order  to  accomplish  the  best  results  in 
smoke  abatement,  the  various  new  furnaces  now  being  installed 
should  be  so  designed  as  to  minimize  the  smoke  given  off.  This 
plan,  if  carried  out,  will  give  a  smokeless  city  as  soon  as  the 
offending  furnaces  now   in  use  have  outlived  their  usefulness. 

Local  conditions  vary,  and  all  engineers  are  aware  of  the 
great  variety  of  results  which  may  be  obtained  by  slight  altera- 
tions in  furnace  designs.  We  realize,  therefore,  that  existing 
conditions  must  be  studied  and  exact  and  thoroughlv  investigated 
data  obtained  before  any  final  recommendations  can  be  made  with 
authority. 

As  very  little  information  is  available  which  applies  to  Cleve- 
land conditions,  this  committee  considers  that  its  first  dutv  will 
be  to  collect  and  compile  reliable  data  whicli  \\ill  be  of  use  to 
Cleveland  furnace  owners  and  designers.  This  will  be  published 
from  time  to  time  in  the  Journal  by  the  Smoke  Abatement  Com- 
mittee, and  we  shall  appreciate  and  urgently  solicit  anv  aid  which 
the  members  can  give  us  in  collecting  this  data. 

We  shall  be  glad  to  give  our  advice  to  any  furnace  owner 
or  builder,  either  about  new  work  or  proposed  changes  to  furnaces 
now   in   use. 

Tell  us  of  your  furnace  troubles,  and  it  may  prove  mutually 
beneficial. 

W.M.  i\I.  Faber.  David  Gaehr 

Chairman  F.   M.   Kinsley 

F.  W.  Ballard  T.  A.  Lawes 

R.   H.   Fernald  E.   H.   Whitlock 
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EMl'LUVMEXT   DULLETIX 

This  department  is  for  the  use  of  members  desirin^^  positions 
or  requiring  engineering  services  ;  it  is  under  the  personal  direc- 
tion of  the  secretary,  who  is  anxious  to  increase  its  value  to  the 
members.  Therefore,  if  you  are  in  need  of  engineering  help,  or 
desire  to  secure  a  position,  do  net  hesitate  to  call  on  the  depart- 
ment for  assistance. 

All    information    is    handled  confidentiallv. 


MEX  AVAILABLE. 

20A — Mechanical  engineer :  graduate  Rhode  Island  Technical  School ; 
extensive  experience  in  special  machiner}-  and  small  tools;  desires  position 
as   superintendent   or   mechanical   engineer. 

21A — Mechanical  engineer ;  graduate  of  Case  School  of  .-\pplied 
Science ;   desires  position  with  consultmg  engineer   in  power  plant  work. 

22A — Civil  engineer ;  desires  position  as  concrete  inspector,  or  on  gen- 
eral  construction  work. 

23A — Mechanical  engineer;  graduate  Case  School  of  Applied  Science; 
eight  3^ears  in  general  automobile  work — testing,  drafting,  repairing,  etc. ; 
also  considerable  experience   designing  special   machiner}'. 

24A — Mechanical  engineer ;  general  mechanical  experience,  car  design 
and  signal  work,  construction  in  concrete  and  steel,  shop  methods  and 
costs;  desires  position  as  mechanical  engineer  or  assistant  to  superintendent. 

2SA — Mechanical  engineer ;  shop  experience  seven  years ;  designing 
cranes  and  hoists  three  years ;  designing  pumping  and  hoisting  engines 
seven  years;  engineer  in  charge  of  maintenance  of  plant,  tools,  etc.,  four 
years;  superintendent  on  high-grade  lithograph  presses  five  years;  desires 
position   as   superintendent. 

26A — Mechanical  engineer ;  experienced  in  coal  and  ore  handling  ma- 
chinery as  draftsman  and  designer;   desires   position  along  similar   lines. 

27A — Electrical  engineer;  three  years  in  testing  department  of  G.  E. 
Co.,  and  six  years  in  charge  of  gas  producers,  electrical  equipment,  boilers, 
turbines,  engines  and  manufacturing  department  of  large  plant;  familiar 
with  bonus  system  and  labor  saving  management. 

Xo.  28A.  Mechanical  engineer;  Case  School  graduate  1911;  age  23; 
American ;  single.  Taught  kinematics  Washington  University ;  also  experi- 
mental laboratory  work ;  machine  shop  experience :  desires  position  in 
power   plant. 
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